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Abstract

Approximately 3 million Emergency Department (ED) visits and 50,000 deaths occur annually in adults over
age 65, of which 50% are from falls and 13% are from motor vehicle crashes. Treatment begins in the out-ofhospital setting (Emergency Medical Services), continues in the ED, includes definitive in hospital and
outpatient care, and then recovery in rehabilitation centers and via home-health providers. Older adults have
four times the odds of dying in the hospital and are twice as likely to be discharged to skilled nursing facilities
when compared with younger patients. The focus of this study is to evaluate the intensity of care delivered to
older adults during hospitalization. We used Centers for Medicare and Medicaid Services claims (2013-2014),
to identify beneficiaries with moderate and severe blunt trauma admitted through an ED (n=683,398). First,
we classified beneficiaries into low, moderate, or high intensity care using latent class methods which
examined 18 procedures/interventions, ICU length of stay, and demographic and injury characteristics.
Approximately 73% were classified as low intensity, 23% moderate, and 4% as high intensity care. Lower
intensity aligned with increased age and reduced injury severity, while males, non-whites, and non-fall
mechanisms were more common with high intensity. Second, at each hospital we calculated the average
probability that patients received high intensity care (0.20; IQR:0.15-0.26). High intensity hospitals were
defined as those with an average probability >0.50 (n=77), and a greater proportion of these were non-trauma
centers (93%) and located in the South (52%). Third, we examined the association between survival and
intensity and found decreased odds of 30-day survival in moderate and high intensity when compared with
low (OR:0.35 (95% CI:0.34, 0.36) and OR:0.07 (0.07, 0.07), respectively). Using a subdistribution hazards
model to estimate survival to discharge (competing risk: death), moderate and high intensity both had
decreased survival compared to low intensity (SHR:0.56 (95% CI:0.56, 0.57) and 0.21 (0.20. 0.21),
respectively). This work demonstrates that although heterogeneous, care for blunt trauma can be evaluated
using a single novel measure. Care intensity is related to resources and patient preferences, is a component of
quality, and should be benchmarked along with clinical outcomes.
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ABSTRACT
INTENSITY OF CARE AND THE INJURED OLDER ADULT: MEASUREMENT, VARIABILITY,
AND OUTCOMES USING MEDICARE CLAIMS DATA
Alexis M. Zebrowski, MPH
Douglas J. Wiebe, PhD
Approximately 3 million Emergency Department (ED) visits and 50,000 deaths occur annually in
adults over age 65, of which 50% are from falls and 13% are from motor vehicle crashes.
Treatment begins in the out-of-hospital setting (Emergency Medical Services), continues in the
ED, includes definitive in hospital and outpatient care, and then recovery in rehabilitation centers
and via home-health providers. Older adults have four times the odds of dying in the hospital and
are twice as likely to be discharged to skilled nursing facilities when compared with younger
patients. The focus of this study is to evaluate the intensity of care delivered to older adults during
hospitalization. We used Centers for Medicare and Medicaid Services claims (2013-2014), to
identify beneficiaries with moderate and severe blunt trauma admitted through an ED
(n=683,398). First, we classified beneficiaries into low, moderate, or high intensity care using
latent class methods which examined 18 procedures/interventions, ICU length of stay, and
demographic and injury characteristics. Approximately 73% were classified as low intensity, 23%
moderate, and 4% as high intensity care. Lower intensity aligned with increased age and reduced
injury severity, while males, non-whites, and non-fall mechanisms were more common with high
intensity. Second, at each hospital we calculated the average probability that patients received
high intensity care (0.20; IQR:0.15-0.26). High intensity hospitals were defined as those with an
average probability >0.50 (n=77), and a greater proportion of these were non-trauma centers
(93%) and located in the South (52%). Third, we examined the association between survival and
intensity and found decreased odds of 30-day survival in moderate and high intensity when
compared with low (OR:0.35 (95% CI:0.34, 0.36) and OR:0.07 (0.07, 0.07), respectively). Using a
subdistribution hazards model to estimate survival to discharge (competing risk: death), moderate
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and high intensity both had decreased survival compared to low intensity (SHR:0.56 (95%
CI:0.56, 0.57) and 0.21 (0.20. 0.21), respectively). This work demonstrates that although
heterogeneous, care for blunt trauma can be evaluated using a single novel measure. Care
intensity is related to resources and patient preferences, is a component of quality, and should be
benchmarked along with clinical outcomes.
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CHAPTER ONE: INTRODUCTION
INJURY AND THE OLDER ADULT
Injury is a leading cause of death and disability among adults over the age of
65.(Finkelstein, Corso and Miller 2006; Sise, Calvo, Spain et al. 2014) Each year over 2.7 million
Emergency Department (ED) visits and 48,000 deaths due to injury occur in the US alone.(CDC
2015) Injuries are treated either in general EDs and community hospitals or in hospitals with
specialized trauma certification (trauma centers).(Dickinson, Verdile, Kostyun et al. 1996;
Hedges, Singal, Rousseau et al. 1992; Singal, Hedges, Rousseau et al. 1992) The system of
care developed around trauma - from ambulance services and emergency departments to
intensive care units and rehabilitation centers - reduces injury-related death and
disability.(Chalfin, Trzeciak, Likourezos et al. 2007; Grossman, Scaff, Miller et al. 2003; Van Aalst
JA 1991) In June 2016, the National Academies of Sciences, Engineering, & Medicine (NASEM)
released a report highlighting the shortcomings of the current system of care for trauma in the
US, and called for the White House to “set a national aim of achieving zero preventable deaths
after injury and minimizing trauma related disability.”(National Academies of Science 2016)
Over the last thirty years, hospitalizations for injury have risen for older adults.(Finkelstein
et al. 2006; Sise et al. 2014) In 2014, those over 65 years of age sustained more than 4.3 million
nonfatal injuries.(CDC 2015) Although triage protocols prior to hospital arrival emphasize that
older adults have an increased risk of death from injury, this population continues to be less likely
than younger patients to be transported to a specialized trauma center and has higher rates of
morbidity and mortality over the course of their injury.(Chang, Bass, Cornwell et al. 2008;
Nakamura, Daya, Bulger et al. 2012; Richmond, Kauder, Strumpf et al. 2002; Rogers, Osler,
Shackford et al. 2001) The acute care of injured older adults is complicated by comorbid
conditions, polypharmacy, and pre-existing functional and cognitive impairments.(Hwang and
Morrison 2007; Neideen, Lam and Brasel 2008) As a result, higher injury mortality(Rogers et al.
2001) and complication rates occur when compared with younger patients with similar
injuries.(Richmond et al. 2002) Among injured Medicare patients admitted to the hospital, over
1

43% are discharged to skilled nursing facilities (SNF), and for acute care conditions, SNF
treatment can reduce readmission and increase patients’ return to the baseline level of
functioning compared to being discharged home.(Jencks, Williams and Coleman 2009; Toles,
Anderson, Massing et al. 2014) This move to post-acute care services may also play an important
role in patient outcomes because cumulative post-discharge mortality is higher than in-hospital
mortality, with the majority of patient deaths occurring within 6 months of injury.(Fleischman,
Adams, Hedges et al.) Thus, the role of high quality care is critical when assessing survival and
quality of life in older adults.(Battistella, Din and Perez 1998; Grossman et al. 2003; Tillou, KelleyQuon, Burruss et al. 2014) Due to the complex nature of injury, addressing challenges throughout
the care continuum offers opportunity for improving outcomes in older adults.
Despite the fact that pre-hospital emergency medical services (EMS) providers have
trauma center triage guidelines designed to intentionally “overtriage” older injured adults to
trauma centers, those over the age of 65 are still much less likely to be taken to a trauma center
compared to younger adults.(Chang et al. 2008; Nakamura et al. 2012) The reason for this
phenomenon is likely multifactorial and may include the fact that vital signs are a poor predictor of
occult injury and death in older adults,(Heffernan, Thakkar, Monaghan et al. 2010; Martin,
Alkhoury, O'Connor et al. 2010) unconscious age bias exists among care providers,(Chang et al.
2008) and injured patients with insurance are less likely to be transferred to trauma centers (level
1 & 2) relative to the uninsured.(Durham, Pracht, Orban et al. 2006; Hsia, Wang, Saynina et al.
2011) Some of these biases may continue once an older adult reaches the hospital for
care.(Gallagher, Bennett and Halford 2006; Hamel, Phillips, Teno et al. 1996; Hamel, Teno,
Goldman et al. 1999) Improving guidelines for triaging injured adults to hospitals with geriatric
specific services may be the first step in improving outcomes.(Fallon, Rader, Zyzanski et al. 2006;
Jacobs, Plaisier, Barie et al. 2003; Mangram, Shifflette, Mitchell et al. 2011) However,
understanding decisions made around all levels of care delivery is necessary.(Cooper,
Koritsanszky, Cauley et al. 2016; Lilley, Lee, Scott et al. 2018)
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INTENSITY OF CARE
Prior research tells us that emergency department physicians face unique circumstances
when it comes to making care decisions, specifically those around end-of-life.(Savory and Marco
2009) The relationship between ED clinician and patient is limited compared to relationships the
patient may have established with primary care, oncology, or other chronic disease specialty
clinicians. This is also reflected in the trauma and surgical intensive care units, where intensivists
may be focused on life prolonging care, and incorporation of shared decision-making surrounding
palliation of symptoms or withdrawal of care may be a departure from traditional
models.(Mosenthal, Murphy, Barker et al. 2008; Mosenthal, Weissman, Curtis et al. 2012; Truog,
Campbell, Curtis et al. 2008) Therefore, clinician or institutional beliefs and norms may be of
increased importance and utility in decision-making compared to other clinical settings, and there
may be less opportunity for the discussion of patient or surrogate beliefs and norms to be
integrated into care decisions.(Baggs, Schmitt, Prendergast et al. 2012; Chan 2005; Larochelle,
Rodriguez, Arnold et al. 2009; Savory et al. 2009) Additionally, patients may initially be treated
with high levels of care regardless of pre-specified decisions in advance directives or other
advance care planning given the time-sensitive nature of trauma and the reliance on decisions by
clinicians when patients are unable to communicate and surrogates are not available.(Gordy and
Klein 2011; Ishihara, Wrenn, Wright et al. 1996) This differs from the role clinicians may play
when care planning with patients diagnosed with chronic conditions, including cancer. With
chronic conditions, the trajectory of disease allows for implementation of care plans and
management of healthcare resources and utilization including discussion of patient preferences,
documentation of advance directives, and introduction of palliative care during the treatment
process.(Brinkman-Stoppelenburg, Rietjens and van der Heide 2014; Garrido, Balboni,
Maciejewski et al. 2015; O'Connor, Ngamphaiboon, Groman et al. 2015) In the acute setting,
practice guidelines, available resources, and the existence, or dearth, of specialists may
significantly impact care decisions when compared with chronic disease.(Acosta, Yang, Winchell
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et al. 1998; Angus, Barnato, Linde-Zwirble et al. 2004; Baggs et al. 2012; Barnato, Chang, Farrell
et al. 2010; Carr, Bowman, Wolff et al. 2017; Fallon et al. 2006; Resnick 2011; Truog et al. 2008)
To measure the intensity of care delivered to patients at the end of their life, costs and
procedures (e.g., mechanical ventilation, dialysis) performed within the months before death have
been retrospectively analyzed in the six to 24 months prior to death.(Barnato, Farrell, Chang et al.
2009; Fisher, Wennberg, Stukel et al. 2003; Fisher, Wennberg, Stukel et al. 2003; Nicholas,
Langa, Iwashyna et al. 2011) This work has been primarily done in patients who are chronically
and/or terminally ill,(Earle, Neville, Landrum et al. 2005; Miesfeldt, Murray, Lucas et al. 2012;
O'Hare, Rodriguez, Hailpern et al. 2010; Thorpe and Howard 2006; Wong, Kreuter and O'Hare
2012) with limited focus on the acutely ill or trauma population, specifically.(Lilley, Williams,
Schneider et al. 2016) Patients with acute conditions, especially those who may be otherwise
healthy or have an unplanned injury, are often excluded from these analyses(Barnato et al. 2009)
due to the heterogeneity in this patient group and difficulties in identification of injury and
treatment characteristics.(Hunt, Cherr, Hunter et al. 2000) The traditional use of retrospective
studies requires identifying patients who died from disease and examining the procedures,
interventions, and/or medications they received in the final days, weeks, or months before death.
However, with trauma, as well as other acute conditions, the injury or illness of interest is
unplanned, possibly resulting in a greater intensity of care delivered because time to understand
and plan for the terminal phase of disease was missing.(Murray, Kendall, Boyd et al. 2005; 1995)
Additionally, the use of a lookback period when evaluating healthcare utilization has been
questioned given that utilization for patients who survive are not estimated and no two patients
enter the time period in the same health state.(Bach, Schrag and Begg 2004) However, the use
of established measures and criteria from chronic conditions and specific injuries provide a
starting point for developing a tool to assess end-of-life care, and more explicitly, intensity of care,
for patients with acute care conditions.(Barnato et al. 2009; Earle et al. 2005; Thompson, Rivara,
Jurkovich et al. 2008) Building on the end-of-life framework to evaluate intensity after trauma
allows examination of variability in care at patient, hospital, and population levels. This focus on
4

intensity allows for expansion beyond care delivered at the “end-of-life” to care delivered after
trauma for both survivors and decedents, thus shifting the focus from patients who died to the
evaluation of resource utilization in all trauma patients.
By changing the framing, we will be better able to understand who benefitted from
increased intensity of care so that clinicians and hospitals can better align resources, as well as
increase the evidence-base to be used in communication with patients, families, and surrogate
decision-makers affected by acute illness or injury. End-of-life research has shown that patients
across a number of diagnoses (e.g., hip fracture, cancer, myocardial infarction) did not see
improved outcomes with increased healthcare spending or increased levels of care.(Angus et al.
2004; Barnato et al. 2010; Fisher et al. 2003; Fisher et al. 2003) And while there may be a shortterm increase in survival when higher intensity of care is administered, these benefits decreased
over time.(Barnato et al. 2010) This may not be true in all acute conditions, with early, aggressive
treatment decreasing mortality in sepsis and stroke patients.(Hacke, Donnan, Fieschi et al. 2004;
Rivers, Nguyen, Havstad et al. 2001) However, little evidence exists showing whether trauma
patients benefit from a high intensity of care over their hospital course and the focus for trauma
patients has almost exclusively been on care delivered at the end of life.(Cooper, Rivara, Wang et
al. 2012; Lilley, Scott, Weissman et al. 2018) As evidenced by Silber et al., in their evaluation of
surgical aggressiveness and outcomes, the examination of all patients may provide a different
story on the relationship between intensity and survival.(Barnato 2010; Silber and Kaestner 2010;
Silber, Kaestner, Even-Shoshan et al. 2010) Therefore, the move to evaluate care beyond the
“end-of-life” scenario allows for evaluation of whether increased intensity and increased utilization
benefit the older adult trauma population.
The ability to measure emotional or physiologic domains has proven useful when
estimating survival for a broad range of patients,(Knaus, Wagner, Draper et al. 1991; Zigmond
and Snaith 1983) and single diagnosis measures have successfully improved the ability to riskadjust.(Baker and O'Neill 1976; Singer, Deutschman, Seymour et al. 2016) Risk adjustment
5

allows for statistical adjustment for patient, or case-mix, differences in the populations being
treated by different clinicians, at different hospitals, or in different regions. In hip fractures, risk
adjustment was used to evaluate mortality and locomotion. Initially, of the four hospitals
evaluated, three had results that significantly varied from the overall average for locomotion and
two had significant results for mortality within six months. However, after baseline patient
characteristics were applied to the models, only one hospital continued to have lower rates of
locomotion and no significant differences were seen for mortality.(Hannan, Magaziner, Wang et
al. 2001) Applied to intensity, the use of risk adjustment enables differences to be evaluated at
the hospital level even when severity in injury and patient differences are present.
The location of intensity on the causal pathway between injury and survival is unknown,
as is the role pre-existing conditions or severity of illness may play as moderators. As stated
previously, others have evaluated intensity by examining individual interventions and procedures,
but summing the number of procedures a patient receives or a hospital performs would
oversimplify the relationship between the different levels of care delivered and fail to incorporate
the nuance of treating the patient as a whole, instead of the sum of its parts. This approach would
deliver a way to classify intensity in much the same way the Elixhauser or Charlson indices
provide insight into comorbidities.(Charlson, Pompei, Ales et al. 1987; Elixhauser, Steiner, Harris
et al. 1998) Incorporating overall intensity of care allows does not allow for siloing of neurologic,
cardiac, or orthopedic interventions and their impact on outcomes since the whole of the patient is
affected by their result and each intervention may trigger or prevent future interventions by
additional clinicians. By differentiating patients and evaluating differences between hospitals,
healthcare service regions, and geographic areas, a composite measure allows for exploration
beyond the individual to the population level.

DISSERTATION AIMS
This dissertation aims to evaluate the intensity of care delivered to older adults with blunt
trauma. Blunt trauma is injury resulting from crushing, tearing, acceleration, or deceleration (e.g.,
6

falls, motor vehicle crashes). We distinguish blunt trauma from penetrating trauma, defined as an
injury where an object penetrates the skin and enters into the body, because patient
demographics, treatment, and outcomes vary significantly between the two.(George, McGwin,
Windham et al. 2003; Sauaia, Moore, Moore et al. 1995; Soreide 2009) In aim one, we will
evaluate the underlying differences (comorbidities, injury mechanism, injury severity) that are
associated with care intensity using patient and injury characteristics. We will use patient level
Medicare claims to develop a measure of overall intensity of care based on 18 interventions and
procedures performed and intensive care unit length of stay and classify patients into tiers of care
intensity. We will then model the predicted probability injured patients have of receiving each tier
of care intensity, differentiating beneficiaries who received high intensity of care from those who
received lower tiers of intensity of care. This model will be generalizable to other older adult blunt
trauma populations. Having developed our method to determine care intensity, aim two will
examine variability in the predicted probability of a patient receiving high intensity care at the
hospital and geographic level. Accounting for factors at the individual, hospital, and community
levels, we hypothesize that differences will exist in intensity of care delivery. We will explore this
further at the level of U.S. geographic regions to determine if, as suggested by others, geographic
variation exists in intensity of care.(Kelley, Ettner, Morrison et al. 2011; Sirovich, Gottlieb, Welch
et al. 2006; Yasaitis, Fisher, Skinner et al. 2009) Finally, our third aim estimates the association
between intensity and survival. Given the proposed application of our metric to hospital quality
measures, we will focus on 30-day mortality and survival to hospital discharge.

Healthcare Theory and Conceptual Model
Our understanding of the delivery of trauma care is built on Bronfenbrenner’s ecological
systems theory as applied to health behaviors and healthcare. Bronfenbrenner posited that a
person’s development was a product of their environment, and this theory has been further
extrapolated to health systems and behaviors by Glanz and colleagues who suggest individual,
interpersonal, community, organizational, and societal factors should be incorporated into health
7

interventions.(Bronfenbrenner 1977; Bronfenbrenner 1979; Glanz, Rimer and Viswanath 2008)
The domains we are using to determine our intensity of care measure, (personal, injury, clinical,
healthcare), may only account for a portion of how the intensity of care that a given patient
receives is determined (Figure 1). To fully understand care delivery, we need to anchor our score
in a framework with each of the domains that contribute to the construct of intensity of care. The
innermost individual or patient domain focuses on characteristics inherent to the person but that
may change over time (age, comorbidities). Next, the injury (relational) domain incorporates
factors specifically related to the trauma, such as mechanism, body site(s), and severity. To
integrate care into the trauma-based model, the institutional/clinical domain focuses on care
delivery including length of hospital or ICU stay and life sustaining/prolonging procedures. Finally,
the outermost domain focuses on community and the larger healthcare system encompassing
availability of clinicians and services, as well as hospital classifications and designations. Figure 2
provides our conceptual framework outlining each of the steps that impact the care continuum.
Created using a timeline approach, factors present at each stage of treatment are outlined, as are
their possible relationships to baseline characteristics, intensity, and survival. Our goal is to
provide an initial step toward measuring intensity of care using variables identifiable in
administrative and claims data.

Real-World Application
By using claims data from the Centers for Medicare and Medicaid Services (CMS), we are
able to explore the treatment delivered to injured older adults. CMS provides insurance to
Americans over the age of 65 and is the largest payer for trauma care services in the
U.S.(Velopulos, Enwerem, Obirieze et al. 2013) The 2016 NASEM report on trauma systems
specifically addressed the need for CMS to develop population-based payment strategies for
trauma,(National Academies of Science 2016) and in 2001, the IOM defined quality care as “the
degree to which health services for individuals and populations increase the likelihood of desired
health outcomes and are consistent with current professional knowledge”.(IOM 2013) CMS,
8

through the Center for Medicare and Medicaid Innovation, tests innovative payment and service
delivery models and promotes the transition to value based care. Our proposed measure of
intensity aims to inform this transition to value by identifying Medicare beneficiaries receiving high
intensity care, comparing the variability in delivery of care intensity, and estimating the
association between intensity and survival.
Current methods to evaluate patients at the time of injury or on arrival to the hospital do
not fully capture the differences in care that older adults with blunt trauma may receive, thus
limiting the ability to examine the relationship between overall treatment and survival, as well as
care delivery on a population level. The goal of this dissertation is to develop a single score that
accounts for baseline characteristics, injury specifics, and factors related to where patients are
treated to provide a more comprehensive assessment of how intensity of care differs among a
variety of healthcare levels and regions, as well as how these differences may impact survival. In
chapter two, we will use Medicare claims to develop and validate a composite measure of
intensity. Chapter three will examine the variability in intensity among U.S. hospitals and
geographic regions. This will allow us to explore factors associated with high intensity care, as
well as identify areas with greater care intensity. Finally, chapter four will estimate the association
between the intensity of care classes identified in chapter two and survival. The use of two
survival outcomes, survival to hospital discharge and 30-day mortality allows for measurement of
both overall and inpatient hospital care. The ability to measure the intensity of care an injured
patient receives can lead to future studies and interventions concentrated on improving care in
areas with poor outcomes, providing a better alignment of care with patient preferences based on
an improved evidence-base related to outcomes, or incentivizing hospitals to make changes to
care structures based on the relationship between injuries and predicted outcomes.
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CHAPTER 2: DEVELOPING A MEASURE OF OVERALL INTENSITY OF
CARE: A LATENT CLASS ANALYSIS
BACKGROUND
Injury is a leading cause of death and disability among adults over the age of 65.(Finkelstein et
al. 2006; Sise et al. 2014) Each year over 2.7 million Emergency Department (ED) visits and
48,000 deaths due to injury occur in the U.S. alone.(CDC 2015) Relying on a systems-based
approach, care for trauma patients extends from field to hospital and ambulance to post-acute
care settings, including emergency medical services (EMS), intensive care units (ICU), and
skilled nursing facilities (SNF).(NASEM 2018; National Academies of Science 2016; NQF 2018)
This is especially important when it comes to trauma and older adults, given that comorbidities,
age, and frailty may be important when determining the type of care to provide a patient.(Jacobs
et al. 2003; Lilley et al. 2016; Perdue, Watts, Kaufmann et al. 1998) Over the last thirty years,
hospitalizations for injury have risen for older adults, (Finkelstein et al. 2006; Sise et al. 2014) and
those over 65 years of age sustained more than 4.3 million nonfatal injuries in 2014 alone.(CDC
2015) Among injured Medicare patients admitted to the hospital, over 43% are discharged to SNF
and for acute care conditions, SNF treatment can reduce readmissions and increase return to the
baseline level of functioning compared to being discharged home.(Jencks et al. 2009; Toles et al.
2014) This move to post-acute care services may also be significant because in-hospital mortality
is lower than post-discharge mortality, with the majority of deaths occurring within six months of
injury.(Fleischman et al.) Thus, delivering high quality care throughout the treatment course
allows the majority of patients who survive hospitalization to return to their previous level of
independence,(Battistella et al. 1998; Grossman et al. 2003; Van Aalst JA 1991) and the level of
care delivered in hospital and post-acute care settings may impact survival and long-term
outcomes.(Cooper, Atkinson, Jacobsen et al. 1993; Hamel et al. 1999; Hicks, Hashmi, Velopulos
et al. 2014; Perdue et al. 1998; Pickering, Esberger and Moran 1999; Thompson, McCormick and
Kagan 2006)
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For those patients, in which diagnoses are terminal, end-of-life research suggests that
improved outcomes are not associated with increased healthcare spending or increased levels of
care, and short-term gains in survival may decrease over time.(Angus et al. 2004; Barnato et al.
2010; Fisher et al. 2003; Fisher et al. 2003) However, the relationship between increased
intensity and mortality may be diagnosis dependent, with administration of tissue plasminogen
activator for stroke and initiation of reperfusion therapy for acute myocardial infarction both shown
to improve outcomes in acutely ill patients.(Hacke et al. 2004; Terkelsen, Sorensen, Maeng et al.
2010) This poses specific questions for trauma, given that injured patients may receive high
intensity of care at numerous points throughout a hospitalization,(Acosta et al. 1998; Champion,
Copes, Sacco et al. 1990; Yates, Woodford and Hollis 1992) including during initial arrival at the
hospital (ED-based care), for treatment immediately following the ED, and during care delivered
in the ICU. Thorough evaluation of the continuum of care is required when developing an overall
measure of care intensity for trauma patients, and focus on specific procedures, costs, or
treatment delivered only in one setting (ICU, surgery) may provide an inaccurate estimate of
intensity.
Previous measures of care have focused almost exclusively on patients who are
chronically and/or terminally ill, (Earle et al. 2005; Miesfeldt et al. 2012; O'Hare et al. 2010;
Thorpe et al. 2006; Wong et al. 2012) and condition-specific measures (e.g., chemotherapy within
the last month of life for oncology patients or tracheostomy or gastrostomy procedures after
traumatic brain injury patients (Earle, Neville, Landrum et al. 2004; Ho, Barbera, Saskin et al.
2011; Lilley, Scott, et al. 2018)) or retrospective analyses of costs and procedures within the
months before death have typically been used.(Barnato et al. 2009; Nicholas et al. 2011) Patients
with acute conditions, especially those who may be otherwise healthy or have unplanned illness
or injury, are often excluded from these analyses (Barnato et al. 2009) due to the heterogeneity
of, and difficulties in, identification.(Hunt et al. 2000) However, the use of established measures
and criteria from chronic conditions, as well as those from specific diagnoses, such as traumatic
brain injury, provide a starting point for development of a metric to assess the intensity of care
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patients with acute conditions receive. Because survival for patients with blunt traumatic injury is
typically unknown at the time of treatment and decisions to limit or withdraw care may be
unknown to clinicians early in the treatment process,(Ishihara et al. 1996; Peng, Wheeler, Shi et
al. 2015; Quest, Asplin, Cairns et al. 2011) examining only patients who died and utilizing a
lookback period from death may not be the best method to assess care delivery (Bach et al.
2004; Barnato et al. 2009; Earle et al. 2005; Thompson et al. 2008)
We sought to address the gap in understanding care delivered to older adults with blunt
trauma by developing a metric to measure intensity of care based on data available in Medicare
claims. Our new score incorporated care delivered throughout hospital admission and predicted
beneficiaries at higher probability of receiving high intensity care based on demographic and
injury characteristics.

METHODS
Data
We used claims data from The Centers for Medicare and Medicaid Services (CMS)
obtained from the Research Data Assistance Center (ResDAC) for years 2013-2014. Medicare
Provider Analysis and Review (MedPAR) research identifiable file claims were used to identify
inpatient stays, while the Master Beneficiary Summary File was used for demographic
information. All analyses were conducted using Stata 15 (Stata Corp, College Station, TX). This
study was approved for expedited review by the Institutional Review Board at University of
Pennsylvania.

Population
Beneficiaries with Medicare as primary insurance, aged 65 and older, and with admission
to a U.S. hospital for primary or secondary diagnosis of blunt trauma were included for analysis.
For the purposes of our study, blunt trauma is defined as ICD-9-CM codes 800-959, excluding
codes 905-909 (late effects of injury), 930-939 (foreign bodies), 940-949 (burns), and 958
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(complications of injury). Index encounters for injuries admitted through the emergency
department for an inpatient stay were included for analysis and transfers to a second hospital
were retained if both stays resulted in admissions. Beneficiaries could have more than one injury
in the dataset if discharge occurred prior to the second injury encounter and both injuries resulted
in unique inpatient stays. Injury severity score (Baker, O'Neill, Haddon et al. 1974) (ISS) was
calculated from ICD-9-CM diagnosis codes using the ICDPIC package for Stata 15, (Clark, Osler
and Hahn 2009) with moderate and severe injuries (ISS ≥ 9) included. Treat-and-release visits
were excluded, as were any visits that were the result of blunt trauma occurring in the hospital
(e.g., fall), direct to ward admissions, and beneficiaries who did not survive to inpatient admission.
Beneficiaries with admissions due to penetrating injuries, poisonings, or drownings were also
excluded. All beneficiaries who met inclusion criteria for the study were included with 80%
randomized to a development cohort and 20% for validation.

Defining Intensity of Care Using a Modified Delphi Method
A modified Delphi Method (Humphrey-Murto, Varpio, Gonsalves et al. 2017; HumphreyMurto, Varpio, Wood et al. 2017) was used to determine a final set of interventions/procedures for
inclusion. An initial list of medical interventions and procedures were identified through review of
the end-of-life, intensity of care, trauma, and emergency medicine literature. Key informant
interviews with trauma and emergency medicine physicians, as well as presentations at research
meetings to trauma and emergency medicine faculty and staff were also completed to solicit
feedback on the list for inclusion. Content area experts were then asked to evaluate and provide
feedback on which interventions and procedures to include in the final metric.

Latent Class Analysis
A latent class model was estimated based on the intensity of care factors identified during
the modified Delphi rounds and applied to the development cohort. Two sets of factors, intensive
care unit (ICU) length of stay and medical interventions/procedures, were used as contributors to
intensity of care. These factors were identified from variables documented on the MedPAR claims
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using total ICU days and ICD-9-CM procedure codes. Procedures were identified in both index
and transfer admissions for all beneficiaries using ICD-9-CM procedure codes (Table 1). Each
medical intervention and procedure was entered into the model as a dichotomous variable
(yes/no), with ICU length of stay included as three levels to reflect resource utilization seen in
previously in elderly trauma patients (0 days, 1-7 days, 7+ days).(Taylor, Tracy, Meyer et al.
2002) The appropriate number of classes were determined using Akaike and Bayesian
Information Criteria (AIC and BIC, respectively).(Nylund, Asparouhov and Muthen 2007) Nonmodifiable beneficiary-level demographic and injury characteristics were then adjusted for in the
final model. To allow for assignment of intensity class to all beneficiaries, mean values
(continuous variables) and most common value (binary variables) were used in place of missing
covariates. An additional covariate to identify beneficiaries with imputed data was also included in
the model.
Expert adjudication (trauma and emergency department clinicians) was used to identify
and label the intensity (low, moderate, high, etc.) of each latent class based on the proportion of
beneficiaries having a given intervention or procedure and the phenotype derived from
beneficiaries in that class having had a single or combined set of interventions/procedures and/or
ICU length of stay. Classes were estimated using the development cohort. The latent class model
was then calculated for all beneficiaries in the validation cohort. Proportions of the validation
cohort in each class, as well as interventions and procedures were calculated and compared to
the development cohort. The probability of receiving high intensity care was also assigned to
each beneficiary, and the distributions of each cohort were evaluated.

RESULTS
Population
A total of 683,398 unique hospital admissions (652,641 unique beneficiaries) for
moderate and severe injury were included in the analysis. Of the total population, 68%
(n=441,197) were female, 91% white (n=591,067), and the mean age was 82.5 years (standard
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deviation (SD): 8.4). Approximately 80% (n=543,154) of cases involved a fall, with motor vehicle
crashes accounting for only 3% (n=20,689). The median ISS was 9 (IQR: 9-10), and almost onefifth of cases (n=131,073) had a head injury with an abbreviated injury score (AIS) of 3 or more.
Of all admissions, 30% were treated at a level one or two trauma center, with the median
distance from beneficiary residential zip to a trauma center being 13.4 square miles. Table 2
reports additional summary statistics for the overall population and stratified by development
(80%, n=546,718) and validation (20%, n=136,680) cohorts.

Delphi
Eleven categories of medical interventions and procedures were initially identified. These
categories focused mainly on life-sustaining interventions. This list was presented to
approximately 50 trauma and emergency medical professionals over the course of three
separate, regularly scheduled research meetings. Eight additional categories of interventions and
procedures were proposed for inclusion, ranging from surgical interventions to surveillance
measures and rehabilitation. A final list of 18 intervention and procedure categories were
identified (Figure 2).

Latent Class
Using the Akaike and Bayesian Information Criterion, we determined the best fitting
model based on inclusion of the 18 procedures/interventions and ICU length of stay using the
development cohort (Table 3a), and assigned three classes. Demographic and injury
characteristics were then incorporated to the three-class model to examine the relationship
between beneficiary-level covariates and intensity class. Probability of receiving high intensity of
care was estimated for each admission using the final model (beneficiary-level covariates plus
procedures/interventions and ICU length of stay). Of the 546,718 unique admissions in the final
model, 73% were assigned to class 1, 23% to class 2, and 3% to class 3 (n= 401,040, 127,025,
and 18,653, respectively.) Final class assignment was based on underlying commonalities in
procedures/interventions, ICU length of stay, demographics, and injury characteristics. Expert
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adjudication by two critical care clinicians identified classes as low, moderate, and high intensity
of care based on the proportion of patients who received each procedure or intervention of
interest and overall ICU length of stay. Class three was determined to be “high intensity of care”,
class two “moderate intensity”, and class one was “low intensity of care”. Table 3b shows the
distribution of beneficiaries in the development cohort that received each intervention/procedure
and ICU length of stay for each class. Transfusion of blood products had the highest proportion of
patients in the low intensity group, while intubation/mechanical ventilation, dialysis, craniotomy,
and venous catheter placement were highest in the moderate. All other interventions and
procedures had the highest proportion of beneficiaries in the high intensity class. No ICU
admission was most common in low intensity class (n=390,943), with 1-7 days highest for
moderate intensity beneficiaries, and almost an equal number of moderate and high intensity
beneficiaries having greater than seven days length of ICU stay.

Phenotypes
Of the ten most common phenotypes for beneficiaries in the high intensity class, all
included intubation/mechanical ventilation (I/MV), and this intervention combined with dialysis,
transfusion of blood products, and/or ICU length of stay greater than 7 days accounted for over
5% of all beneficiaries in this class (Table 4a). For those with low intensity of care, no
interventions/procedures and no ICU stay was most common. An ICU stay of 1-7 days accounted
for approximately 23% of beneficiaries in the moderate class, with another 20% having no
interventions/procedures or ICU stay. Differences in beneficiary characteristics between the
classes with identical phenotypes are presented in Table 4b. As intensity increased, the
proportion of beneficiaries that were male and white decreased. The median ISS of the high
intensity class was 14 (IQR 9-18) compared with 9 (9-9) in low and 13 (9-16) in moderate. Fewer
injuries were caused by falls in the high intensity class (n=9,645, 52% vs n=89,476, 70% in
moderate; 335,662, 84% in low), while a greater proportion of beneficiaries (55%vs 41% and
25%, respectively) were initially triaged to trauma centers for treatment.
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Validation
The class assignment in the validation cohort was similar to that in the development. Of
the 136,680 beneficiaries, 3% (n=4,658) were assigned to the high intensity class, with 24%
(n=32,536) to moderate and the remainder to low (Table 5). The proportion of beneficiaries with
each intervention and procedure were the same as in the development cohort with the exception
of electric countershock of the heart, which had a higher proportion of patients (59%, n=203)
assigned to the moderate intensity class (development cohort: 43%, n=558). The distribution of
the probability of receiving high intensity care for beneficiaries in the development cohort and
validation cohort are presented in Figure 3.

DISCUSSION
Using a variety of interventions and procedures combined with demographic and injury
information, we were able to identify that approximately 4% of older adults with moderate or
severe blunt trauma received high intensity care, with similar distributions in the probability of
receiving high intensity care found in two Medicare cohorts. We identified commonalities between
beneficiaries, even given the heterogeneity of injury and care delivered. The combination of
interventions, procedures, and length of ICU stay defined the high intensity of care class with
greater precision than a sum of the number of procedures, suggesting that the type of care may
play more of a role than the total procedure count.
Without a current gold standard, the use of a modified Delphi method allowed for
development of a single metric for measurement of care intensity. Prior work by Lilley, et. al., and
Barnato, et. al., have shown the association between many of the procedures we evaluated and
care intensity.(Barnato et al. 2010; Lilley et al. 2016) However, these measures have not been
applied to an older adult blunt trauma population, and the lack of a composite measure,
especially one that can be used with administrative and claims data, means that the application of
individual procedures continues to be limited. Our metric can be applied to hospital quality
benchmarking to evaluate the effectiveness of high intensity care delivered throughout hospital
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admission. This builds on prior trauma risk adjustment models that look at in-hospital mortality
and its drivers. (Newgard, Fildes, Wu et al. 2013; Wiebe, Holena, Delgado et al. 2017) A
composite measure of intensity may help provide a more comprehensive understanding of how
the case-mix of trauma patients, and the care delivered at both trauma and non-trauma centers
throughout the US, drive quality outcomes such as 30-day and in-hospital mortality. However,
understanding the causal pathway between intensity and mortality may also require further
exploration of the role of patient level factors (pre-existing conditions, patient preferences),
hospital-level factors (service lines, norms), and community-level factors (availability of services,
resources) (Figure 2).
Beneficiaries who received higher intensity care were more likely to be male, non-white,
and younger. These findings are similar to those seen in other patient cohorts near the end of life
(Miesfeldt et al. 2012) and suggest that underlying demographic differences persist in the care
level delivered to those who are severely ill.(Cooper et al. 2012; Hicks et al. 2014) Medicare
beneficiaries with higher intensity of care were also less likely to have a fall as their mechanism of
injury. So while falls may make up over two-thirds of injury in older adults,(CDC 2015) other
mechanisms may have a greater contribution to increased care requirements and utilization of
services. Additionally, while beneficiaries in the lower two intensity classes still received a number
of the interventions and procedures of interest, including ICU stays, these were limited and
tended to reflect procedures commonly seen as less aggressive (e.g., dialysis, blood products).
Determining the cause of differences in intensity, and what drives high intensity care, is the next
step for this research. Examining intra- and interpersonal factors (individual and relational
domains, Figure 1), along with the influence of institutional and community culture (community
domain, Figure 1) will provide additional insight into intensity of care decisions (Figure 2).
Geriatric consultations and palliative care programs have all been shown to improve outcomes for
older adults and potentially reduce intensity in end-of-life services.(Fallon et al. 2006; Lilley, Lee,
et al. 2018; Olufajo, Tulebaev, Javedan et al. 2016) Hospital-level analyses may highlight
additional drivers of variability and provide insight into the impact programming plays in overall
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intensity of care. Additionally, exploration of whether differences in intensity is a result of early
mortality, less severe injury, or other beneficiary-level factors is required.

Limitations and Next Steps
This study used administrative and claims data resulting in predefined data points.
Because of this, one limitation of our study was the inability to fully determine some aspects of
care intensity including administration and duration of medication, timing or duration of
interventions or procedures, and patient/family/surrogate decisions surrounding care. However,
the use of claims data, and specifically CMS data, allows for capture of standardized information
on all beneficiaries providing a representative picture of intensity of care across the United States.
This platform enabled us to create a measure of intensity that utilized readily available data to
measure intensity of care at the administrative level instead of requiring time-consuming and
expensive approaches, such as electronic health record abstraction.
A second limitation is that beneficiaries may only receive procedures for which they have
an indication, (e.g., dialysis for those with kidney failure). However, given the focus on moderate
and severely injured older adults, each beneficiary is “at risk” for all procedures beginning at the
time of their injury, especially given the possibility of complications or decline in health status. We
chose to measure an overall intensity of care, as opposed to intensity of care adjusted for
indication for each procedure, to allow for determination of the total care delivered to a given
beneficiary. This “global” measure accounts for differences in the type and total count of
interventions/procedures, but may not account for indication based on specific injury or diagnosis.
The use of a claims-based intensity metric allows for examination of variability in the
intensity of care delivered to patients at hospitals across the US, as well as variability on a
regional level, highlighting factors associated with both healthcare utilization, spending, and
patient outcomes. The exploration of non-claims based variables may be an important next step
in this research. Understanding how and why patients receive care, the impact of patient and
surrogate decisions, and reasons for the underlying differences in demographics between classes
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are important when refining this analysis.(Larochelle et al. 2009; Lilley, Morris, Sadovnikoff et al.
2017) Building on previous qualitative and mixed methods research to evaluate how patients,
surrogates, and clinicians communicate with one another and make decisions around intensity of
care after injury may help to provide insight into the values, beliefs, and norms surrounding life
limiting and life sustaining care in this population.(Kaufman, Richmond, Wiebe et al. 2017; Lilley
et al. 2017) Additionally, survey work to better define the availability of services within a hospital
and that serve a community could better define the relationship between accessibility and
intensity. Finally, the association between intensity and survival may provide insight into the
appropriateness and effectiveness of care being delivered to the geriatric trauma population.

CONCLUSION
This study measured the intensity of care delivered to older adults with blunt trauma.
Using 18 interventions and procedures, along with intensive care unit length of stay, we were able
to assign Medicare beneficiaries to low, moderate, and high intensity classes, and estimate their
probability of receiving high intensity care. The inclusion of intubation/mechanical ventilation was
a key component of high intensity care, and it was often combined with additional interventions
and procedures, as well as days in the intensive care unit. This metric can be used to assess
variability in care intensity at the hospital level and to estimate the association of high intensity
care with patient-level outcomes.
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CHAPTER 3: VARIABILITY IN INTENSITY OF CARE FOR OLDER ADULTS
WITH BLUNT TRAUMATIC INJURY
BACKGROUND
Injury is a leading cause of death in the US, accounting for 30 million visits to emergency
departments (EDs), 2 million hospitalizations, and 180,000 fatalities per year.(CDC 2015;
Finkelstein et al. 2006; Sise et al. 2014) However, the total burden of the condition is significantly
higher and includes long-term disability and years of potential life lost.(Wiebe, Nance and Branas
2006) Annual healthcare costs have been estimated at over $80 billion dollars, with lost
productivity costs placed at over $300 billion.(Corso, Finkelstein, Miller et al. 2006; Finkelstein et
al. 2006) This is especially significant in older adults where comorbidities, frailty, and age, may
play a significant role in care decisions and patient outcomes. (Grossman et al. 2003; Perdue et
al. 1998; Samaras, Chevalley, Samaras et al. 2010) Compounding this fact is that while there is
known geographic variation in injury incidence and patient outcomes, and disparities in terms of
access to care and quality of care have been well described, (Carr, Branas, Metlay et al. 2009;
Carr, Matthew Edwards, Martinez et al. 2010; Salhi, Edwards, Gaieski et al. 2014) traditional
quality measurements, such as the Trauma Quality Improvement Program (TQIP), (Newgard et
al. 2013) are limited to evaluating only patients treated in trauma centers. Thus those treated in
non-trauma centers are excluded from these analyses and the quality of their care remains
unknown.
Systematic differences in care for older adults has been shown in the establishment of
triage protocols designed to overtriage older adults, the implementation of geriatric consults after
injury, and the development of specialized geriatric emergency departments. (Mangram et al.
2011; Olufajo et al. 2016; Saillant, Earl-Royal, Pascual et al. 2015) However, this population
continues to be less likely than younger patients to be transported to a specialized trauma center
even though they have an increased risk of death from injury and higher rates of morbidity and
mortality that persist over the course of their injury.(Chang et al. 2008; Nakamura et al. 2012;
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Richmond et al. 2002; Rogers et al. 2001) The ability to assess the care received after injury may
provide insight into the nature of care older patients are receiving and how it differs across
hospitals where they seek care.
Patient and population-level differences in treatment and outcomes have been shown in
older adults. Disparities in survival outcomes for Black and Hispanic injured adults have been
documented, although care intensity has been shown to be higher in these groups, possibly due
to lower rates of do not resuscitate orders or other advanced care planning documentation.
(Cooper et al. 2012; Hicks et al. 2014) At the hospital level, palliative and end-of-life care for older
adults has been shown to be effective at reducing mortality and limiting the number of aggressive
procedures delivered to patients, but no national comparisons have been made. (Lilley, Lee, et al.
2018; Lilley, Scott, et al. 2018) Therefore the evaluation not only of survival, but of care intensity
as a step toward benchmarking hospital quality is warranted.
Building on prior work that assessed trauma center performance at the facility level (IOM
2013; Wiebe, Delgado, Holena et al. 2014; Wiebe et al. 2017), we propose benchmarking
hospitals on the probability that a patient will receive high intensity care when treated for
moderate or severe blunt traumatic injury. Using the intensity of care score derived from the latent
class model, (previously described in Chapter 2), we will estimate the probability of receiving high
intensity care at the hospital level, and evaluate variability within, as well as between US regions.

METHODS
Overview of Data and Population
We used 2013-2014 US claims data from the Centers for Medicare and Medicaid
Services (CMS) Medicare Provider Analysis and Review (MedPAR) Research Identifiable File
(RIF). We included all injury-related hospitalizations for adults, (18 years and older), admitted
through an ED. ICD-9-CM diagnosis codes were used to identify injury as a primary or secondary
diagnosis (800-904, 910-922, 940-957).(MacKenzie, Steinwachs and Ramzy 1990) Injury
Severity Score (ISS) was calculated from ICD-9-CM codes using the ICDPIC package for Stata
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15, and beneficiaries with an ISS of nine or greater were included. For beneficiaries transferred
between facilities, intensity of care is attributed to the index hospital.
Community-level demographics and socio-economic characteristics, national, countylevel Decennial Census data and the American Community Survey’s (Census) 5-year estimates
were obtained from the American Fact Finder website.(Greevy, Silber, Cnaan et al. 2004;
Rosenbaum 1996; Rosenbaum 1999) Hospital-level information on patient volume, hospital type,
resource availability, number and types of beds, and process variables (numbers of admission,
inpatient days, average daily census) was derived from the American Hospital Association’s
American Hospital Survey (AHA). To assess healthcare at a community level, the Health and
Human Services’ Area Health Resource File (AHRF) was utilized and information on the number
of clinicians, specialists, and types of hospitals at the county level was recorded. All data was
applied at the year matching the CMS claim (2013 or 2014, respectively).

Exposures and Outcomes
The primary exposure of interest is the individual hospital. Hospitals were identified using
the CMS provider number, and included if they treated a Medicare beneficiary for primary or
secondary diagnosis of trauma as described above. Regional level analysis, as defined by US
Census geographic regions (US Census Bureau 2010) were used as a secondary exposure of
interest. Beneficiaries are assigned to a geographic region based on their state of residence. The
probability of receiving high intensity care at the hospital level, as defined in Chapter 2, was the
primary outcome of interest. Secondary outcomes estimated variability in the probability of
receiving high intensity care within the four geographic regions.

Analytic Plan
Descriptive statistics were computed by hospital and geographic region, with beneficiary
demographic and injury characteristics previously reported for the overall population (Table 2).
Medians and interquartile ranges versus means and standard deviations were calculated based
on distribution. Data analyses were performed using Stata 15.1 (Stata, College Station, TX). This
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study was approved for expedited review by the Institutional Review Board at University of
Pennsylvania.

Benchmarking Hospital Performance
We estimated hospital-level outcomes using multivariable linear regression in 80% of our
total population (development cohort). Cross-validation least absolute shrinkage and selection
operator (LASSO) using the least squares estimator was performed for variable selection. Robust
standard errors were used to account for clustering of beneficiaries. Table 6 lists the individual,
hospital, and community level covariates selected for potential inclusion in our model. Variable
selection was also confirmed using variable inflation factor methods. The adjusted probability of
receiving high intensity care was then estimated for each beneficiary and averaged at the hospital
level. We computed 95% confidence intervals (95% CI) for each point estimate. The final LASSO
model was validated in the remaining 20% of beneficiaries (validation cohort). Model fit was
assessed in the validation cohort using mean square errors comparing the LASSO model to a
model derived using variable inflation factor (VIF) methods (removal if VIF greater than 10).

RESULTS
Beneficiary and regional characteristics in the development cohort
Of the 3,379 hospitals analyzed in the development cohort, 42% were located in the
South, 24% in the Midwest, and <20% in each of the Northeast and West regions. The median
age for beneficiaries in all hospitals was 83 (interquartile range (IQR): 76 – 89) with little variation
among regions. Urban residence was highest in the Northeast (n=70,940, 64%) and West
(n=55,640, 57%), while median distance to a level I or level II trauma center was greatest in the
South (21 miles, IQR: 9 – 48). The median number of unique visits for moderate and severe
trauma per hospital was 102 (IQR: 28 – 231), and ranged from 282 in the Midwest (IQR: 154 –
475) to 359 in Northwest (IQR: 201 – 592). Table 7 presents additional population and community
characteristics at the hospital and regional levels.
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Model Validation
Cross-validation LASSO was used for variable selection with significantly associated
variables shown in Table 8. Female sex, increasing age, and increasing ISS were associated with
lower probability of receiving high intensity care, while non-white race, head AIS of 3 or greater,
and increasing Elixhauser comorbidity scores (Elixhauser et al. 1998) were associated with an
increased probability (Table 8). Using our validation cohort, the LASSO model was compared to a
model using variable inflation factor (VIF) for selection. Of the variables identified in Table 6,
those with a VIF >10 were excluded, and 27 covariates plus a categorical variable for hospital
remained in the final model. All variables in the LASSO model were also retained in the VIF
model. Comparison of the mean square error (MSE) for each model using the 20% validation
cohort showed the LASSO model with an MSE of 3.60 compared with the VIF model MSE of
6.59.

Hospital Outcomes Development Cohort
The unadjusted median probability of receiving high intensity of care in a US hospital
level was 0.20 (IQR: 0.20 – 0.32), with regional medians lowest in the South (0.15, IQR: 0.08 –
0.45), and highest in the West (0.17, IQR: 0.08 – 0.49). The median adjusted probability of
receiving high intensity care was 0.19 for all hospitals (IQR: 0.14 – 0.25), and regional rates
ranged from 0.19 (Northeast) to 0.21 (West) (Table 8). Figure 5 presents a caterpillar plot of
probabilities for receiving high intensity care at US hospital level sorted by geographic region.
Over 60 hospitals had a probability greater than 0.50 (Figure 6), with the number of unique
trauma cases ranging from 1 to 305. For high intensity hospitals, those with a probability of
greater than 0.50, five were designated as a level I or level II trauma center and 11 were
designated as a level III or level IV, with 46% (n=29) located in the South. Of 926 unique visits at
high intensity centers, 37% (n=338) occurred at a level I/II trauma center.
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DISCUSSION
These ﬁndings highlight that even when limited to blunt trauma, the probability of
receiving high intensity care varied between hospitals and regions, suggesting different utilization
of resources for a similar case-mix of patients. Additionally, although median probabilities
remained around 0.20, the majority of hospitals with probabilities greater than 0.50, were found in
the South, with all regions having less than 5% of their hospitals as high intensity centers. This
work suggests that evaluating intensity of care for blunt traumatic injury at the hospital and
regional level may provide additional insight given the significant differences between hospitals
within the same geographic regions.
This work addresses a key factor currently missing from trauma quality benchmarking.
Hospitals, or more specifically trauma centers, are currently held accountable for the patients they
treat. The American College of Surgeons Trauma Quality Improvement Program (ACS TQIP)
collects data, evaluates performance, and estimates patient outcomes for over 800 trauma
centers across the U.S. Risk adjusted benchmarking allow hospitals with level I and level II
trauma centers to see how they compare with their peers.(American College of Surgeons ;
Newgard et al. 2013) However, outcomes in hospital quality measurement efforts do not take into
account that outcomes may be achieved by vastly different measures, resulting in significantly
different utilization of resources and costs to both patients and payers. And while prior work has
focused on the relationship between mortality and intensity for specific conditions (e.g., traumatic
brain injury (Lilley et al. 2016)), we propose that this can be extended into a broader trauma
population, and that improved trauma outcomes may not be inextricably linked to receiving high
intensity care. A measure of variability of care intensity is the first step in building this metric into
the quality framework.
The results of this study show that even when accounting for demographic, injury,
hospital, and community factors, differences in care intensity exist (Figure 2). The importance of
individual factors such as race and urban residence have been well documented as drivers of
survival in trauma,(Carr et al. 2017; Lilley, Scott, et al. 2018) but we have shown that they also
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play a large role in determining the intensity of care Medicare beneficiaries receive. Beneficiaries
in the Northeast region of the U.S. had less than 2% of hospitals with the greatest probability for
high intensity care (>0.50), suggesting that the tightly packed urban population, along with the
high proportion of trauma centers and low distance to a trauma center, may result in a
relationship between the mechanism of injury and timing of care that result in overall lower
intensity. This is further suggested by the proportion of high intensity hospitals located in the
South where increased rural geography may result in longer transit times to the hospital, an
increase the proportion of injuries including a motor vehicle, and decreased in time to detection of
injury. Future research analyzing drivers of the differences including variability in smaller
geographic clusters will allow for further evaluation of whether urbanicity, healthcare access, or
types of care available have the largest impact on intensity of care. Incorporating these factors
from the community domain (Figure 1) will allow for evaluation of outside influences on intensity
beyond the patient-level demographics and injury characteristics (individual and relational
domains, respectively) typically assessed. They paint a broader picture of how intensity of care is
determined throughout hospitalization for a patient, but they also begin to explain how institutional
culture surrounding intensity is developed and how norms are established across clinicians,
specialties, and hospital wards.
This approach to evaluating variability in care intensity provides a foundation for use of
incentives in order to improve outcomes for traumatic injury. The use of CMS claims to evaluate
these differences allows for possible leverage of changes to payment structures to address the
variation as it is incorporated into outcome and quality models. Bundling payments, encouraging
transfers to trauma centers, or incorporation of earlier palliative care services are all possible
ways for high intensity hospitals to better align resources and care. (Lilley, Lee, et al. 2018;
MacKenzie, Rivara, Jurkovich et al. 2006; Mechanic 2011) And while reducing intensity is not the
overall goal, providing greater synchronicity between intensity, outcomes, and patient preferences
should be the priority.
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Limitations and Next Steps
This study has a number of limitations. The use of administrative and claims data
precludes our ability to capture all aspects of care intensity or factors relating to variability,
especially those around physiology (the most potent driver of intensity of care) and palliative or
end-of-life care. However, the use of CMS claims provides a representative picture of intensity of
care for older adults across the United States and allows for uniform data collection in all 50
states. Additionally, our data analysis was limited to adults aged 65 years and older with
diagnosis of blunt traumatic injury. The probability of receiving high intensity care may be
significantly different in other age groups or for penetrating injury. However, given the
heterogeneity of injury, the ability to measure variability in intensity on a set of patients beyond a
single diagnosis provides an actionable step for the trauma community. Looking beyond one
condition allows for the evaluation of trauma quality and outcomes at a center and system level
overall, not for only a small number of patients. Finally, geographic variability was assessed only
at the highest level, (census regions), which include vast areas of the US. These areas are not
only geographically diverse from one another, but may have significant differences within their
boundaries. Hospital-level differences were also evaluated to address some of this variability and
future research will estimate variability within smaller geographic units including emergency care
service regions.(Carr, Kilaru, Karp et al. 2018) The association between hospital-level variability
and trauma patient outcomes requires further exploration. However, little work has been done to
examine the relationship between intensity and survival on a population level. The incorporation
of geographic variability and hospital-level intensity of care will allow for this measure.

CONCLUSION
We described the use of a multivariable linear regression model to benchmark hospitallevel variation in the probability of Medicare beneficiaries to receive high intensity care. The use
of census regions provides an overview of high intensity care in the US, and geographic
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differences are highlighted as potential drivers of intensity. The variability described in this work
can be tied to hospital quality assessments and payment incentive programs.
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CHAPTER 4: THE ASSOCIATION BETWEEN INTENSITY OF CARE AND
SURVIVAL

BACKGROUND
Examination of the relationship between trauma and survival for older adults suggests
that injuries result in four times higher mortality and increased morbidity in those who survive
when compared to similarly injured younger patients.(CDC 2015; Clark DE 2004; Zafar, Obirieze,
Schneider et al. 2015) For those over age 65, comorbid conditions, polypharmacy, and preexisting functional and cognitive impairments may contribute to poorer outcomes. Additionally,
frailty, defined as decreased physiologic reserve, may be more common in this population. The
combination of these factors, along with an increase in the susceptibility to injury, results in higher
risk of both short and long-term outcomes for older adults. However, the role of care delivered to
overcome these limitations is not well understood.
Most evaluations of intensity have focused on patients at the end of life, using a
retrospective analysis of care delivered prior to the time of death. This creates difficulty when
evaluating the association between intensity and survival, as shown in patients across a number
of diagnoses (e.g., hip fracture, cancer, myocardial infarction). Improved short and long-term
outcomes have conflicting results dependent on whether prospective or retrospective methods
were used to evaluate healthcare spending or care in these populations.(Angus et al. 2004;
Barnato et al. 2010; Fisher et al. 2003; Hacke et al. 2004; Rivers et al. 2001) And although shortterm increases in survival when higher levels of care are administered were found, these benefits
decreased over time.(Barnato et al. 2010) In the trauma population, lower mortality hospitals,
have been shown to deliver lower intensity of care from their higher mortality counterparts,
although large-scale examinations have been limited.(Lilley, Scott, et al. 2018) Additionally, little
work has been done to evaluate drivers of differences in intensity from a systems level
perspective (Figures 1 and 2).
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Given the nature of a blunt trauma, patients may receive high intensity care at a variety
points along the care continuum, (in the ED, in the Operating Room, during an ICU stay, or after
complications from the initial injury).(Acosta et al. 1998; Champion et al. 1990; Yates et al. 1992)
Although timing of interventions may play an important role in outcomes, understanding the
overall intensity of the care delivered is also critical. And while there has been a push to
incorporate more palliative care into the care plan for trauma patients, knowing how patients
benefit for various levels of care and when or where these discussions may be of the greatest
benefit, could prove helpful in reducing the burden on clinicians, surrogates/caregivers, and
patients when it comes to decision making. Therefore, trauma, as a heterogeneous disease
incorporating all injury mechanisms, body regions, and severities, (e.g., traumatic brain injury, hip
fracture) needs to be analyzed for its relationship to intensity of care. The benefit or lack thereof,
for older adults specifically, needs to be addressed given the number of patients over the age of
65 who present to the ED with blunt trauma and who require extensive medical care.(CDC 2015)
To address this gap in knowledge regarding the role of intensity of care in short-term
patient outcomes, we estimated 30-day survival after admission to the hospital for older adults
with blunt trauma. In addition, we estimated the time to hospital discharge, with death as a
competing risk. These two timeframes serve as standardized measures that can be applied to
quality metrics to improve our understanding of the role that resource utilization and intensity play
in outcomes at an individual, hospital, and population level.

METHODS
Overview of Population and Data
This study used 2013-2014 U.S. claims data from the Centers for Medicare and Medicaid
Services (CMS) Medicare Provider Analysis and Review (MedPAR) Research Identifiable File
(RIF). We included all injury-related hospitalizations for adults, (18 years and older), admitted
through an ED. ICD-9-CM diagnosis codes were used to identify injury as a primary or secondary
diagnosis (800-904, 910-922, 940-957).(MacKenzie et al. 1990) Injury Severity Score (ISS) was
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calculated from ICD-9-CM codes using the ICDPIC package for Stata 15, and beneficiaries with
an ISS of nine or greater (moderate injury) were included. For beneficiaries transferred between
facilities, intensity of care is attributed to the index hospital.
Community-level demographics and socio-economic characteristics, national, countylevel Decennial Census data and the American Community Survey’s (Census) 5-year estimates
were obtained from the American Fact Finder website.(Greevy et al. 2004; Rosenbaum 1996;
Rosenbaum 1999) Hospital-level information on patient volume, hospital type, resource
availability, number and types of beds, and process variables (numbers of admission, inpatient
days, average daily census) was derived from the American Hospital Association’s American
Hospital Survey (AHA). To assess healthcare at a community level, the Health and Human
Services’ Area Health Resource File (AHRF) was utilized and information on the number of
clinicians, specialists, and types of hospitals at the county level was recorded. All data was
applied at the year matching the CMS claim (2013 or 2014, respectively).

Exposures and Outcomes
In chapter two, we developed a latent class model to assign unique hospitalizations for
injury to three intensity classes and to estimate the probability of receiving high intensity care.
This probability served as the outcome of interest to examine hospital-level variability in intensity
of care (chapter three). In this aim, we examined the association between intensity of care (low,
moderate, high) at the individual beneficiary level and 30-day survival. We defined this primary
outcome as no recorded date of death within 30 calendar days of admission to the hospital for a
primary or secondary blunt trauma diagnosis. We also examined, as a secondary outcome,
survival to hospital discharge. Time to hospital discharge was defined as the time the patient was
admitted to the hospital (inpatient admission) until discharge with a disposition of alive to home or
skilled nursing facility. Death was included as a competing risk in our secondary outcome.
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Analytic Plan
Descriptive statistics were computed for the overall population and individually for the
development and validation cohorts (Table 2). Medians and interquartile ranges versus means
and standard deviations were calculated based on distribution. Data analyses were performed
using Stata 15.1 (Stata, College Station, TX). This study was approved for expedited review by
the Institutional Review Board at University of Pennsylvania.

Thirty-Day Survival
We estimated 30-day survival using multivariable logistic regression in 80% of our total
population (development cohort). A primary model was estimated using covariates based on
those that most closely matched what was validated by the Trauma Quality Improvement
Program (TQIP).(Newgard et al. 2013) No physiologic variables were included. Cross-validation
least absolute shrinkage and selection operator (LASSO) using the least squares estimator was
performed to validate variable selection in a secondary. Robust standard errors were used to
account for clustering of beneficiaries in both models. Table 6 lists the individual, hospital, and
community level covariates selected for potential inclusion in the LASSO model. Area under the
curve was calculated for each model, and the final TQIP administrative model was validated in
the remaining 20% of beneficiaries (validation cohort).

Survival to Hospital Discharge
To evaluate our secondary outcome, survival to hospital discharge, we conducted both
unadjusted and adjusted subdistribution hazards models using intensity of care class as our main
effect. Death was included as a competing risk if it occurred during hospitalization. A 90-day
window was used to estimate time to hospital discharge or death, with beneficiaries who remain
hospitalized at day 90 being censored. As with the 30-day survival model, covariates most closely
matching those in the TQIP model were included. Additionally, time-dependent covariates, based
on the timing of medical procedures and interventions, were included in the final model. The
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development cohort was used for all survival to discharge estimations.

RESULTS
Beneficiary characteristics
The 683,398 unique hospital admissions (652,641 unique beneficiaries) were stratified
into 80% development (n=546,718) and 20% validation (n=136,680) cohorts. Of the total
population, almost 80% (n=543,154) of cases involved a fall, with motor vehicle crashes
accounting for only 3% (n=20,689). The median ISS was 9 (IQR: 9-10), and almost one-fifth of
cases (n=131,073) had a head injury with an abbreviated injury score (AIS) of 3 or more. Of all
admissions, 30% were treated at a level one or two trauma center, with the median distance from
beneficiary residential zip to a trauma center being 13.4 square miles. Table 2 reports additional
summary statistics for the overall population and each cohort.

Thirty-Day Survival
A dose-response effect was seen, with decreases in 30-day survival for each intensity
class (moderate intensity: 0.35; 95% CI: 0.34, 0.36, and high intensity: 0.07; 95% CI: 0.07, 0.07)
in the TQIP administrative model. Motor vehicle crash and transfer were associated with better
survival (Table 9). In the cross-validation LASSO model, Black race and female sex were
included as covariates and were associated with increased survival, while transfer to a second
hospital, head abbreviated injury score (AIS), and Elixhauser comorbidities were removed (Table
10). Increased max AIS for any body region and increasing age were associated with decreased
survival in both models. Model fit was estimated using the development cohort. The TQIP
administrative model had an area under the curve (AUC) of 0.76 (95% CI: 0.75, 0.76) compared
with 0.75 (0.75, 0.75) for the LASSO model (Figure 7). No difference in model performance was
seen comparing the TQIP administrative model in the development and validation cohorts (0.75
versus 0.75).
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Survival to Hospital Discharge
The unadjusted subdistribution hazard ratio (SHR) of surviving to hospital discharge was
0.54 (95% CI: 0.54, 0.54) for moderate intensity and 0.18 (0.17, 0.18) for high intensity of care.
The adjusted SHR, including time-varying covariates for procedures and interventions, resulted in
an SHR of 0.56 (95% CI: 0.56, 0.57) and 0.20 (95% CI: 0.20, 0.21), respectively. Table 11 shows
SHR for all covariates in the final model. For covariate from the TQIP administrative model, only
transfer to a second hospital and head AIS of three or greater were associated with increased
survival. The cumulative incidence of survival to discharge, with the competing risk of death, for
each intensity class is shown in Figure 7. For both low and moderate intensity of care, the median
time to hospital discharge was ten days or less, and 90% or more of beneficiaries were
discharged alive. However, for beneficiaries in the high intensity class, median time to hospital
discharge was approximately twice as long with death occurring in the hospital in approximately
40%.

DISCUSSION
We found that higher intensity of care is not associated with improved survival. Thirty-day
survival for older adults after blunt trauma was decreased by over 50% compared with those who
received lower intensity care, even after taking into account injury characteristics. The time to
hospital discharge was also increased in the high intensity class, while the proportion of
beneficiaries surviving to discharge were decreased. On some level, it is not surprising that
seriously injured patients receive higher intensity care and have worse outcomes. We recognize
the role of reverse causation and the potential for this to be due to incomplete risk adjustment.
We believe that our work suggests that examining the relationship between survival and intensity
of care can inform whether trauma patients benefit from increased levels of treatment over the
course of their hospitalization. This effect may not be uniform across conditions and indication
may play a defining role.
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The relationship between specific procedures and patient outcomes has been studied at
length.(Barnato et al. 2009; Thompson et al. 2008) However, trauma is a heterogeneous disease
with a vast number of treatment possibilities dependent on a number of factors. Injury
mechanism, severity, and body region, as well as characteristics of the patient, all play a role in
the care delivered, yet measuring how treatment across these differences and its relationship with
survival has been limited.(Cooper et al. 2012; Thompson et al. 2008) We used our novel measure
of intensity to look at a wide variety of older adults affected by blunt trauma and assess their
short-term survival. This provides a first assessment between overall intensity and outcomes in
the broader geriatric blunt trauma population. Building on condition-specific measures, we
determined that higher intensity of care was not associated with increases in survival at 30 days.
However, specific diagnoses and indications for some of the procedures and interventions of
interest may lead to alternate findings, and the severity of injury may require additional risk
adjustment.
Higher care intensity was also shown to be significantly associated with longer
hospitalizations in patients eventually discharged. This suggests that time to discharge for
Medicare beneficiaries who survived may play an important role in determining care intensity,
although reverse causality may also play a role in these findings. Lower acuity patients may have
required less hospital days and looking at a threshold for similarly injured patients may provide
more insight into the role of hospital length of stay and intensity. For those who were classified as
low or moderate intensity, the median time to discharge was less than ten days, possibly
suggesting that long ICU stays and additional care due to complications were not required. This
mirrors what has been previously shown in other intensity and end-of-life research examining the
relationship between ICU stays and mortality.(Angus et al. 2004) However, a median stay of
approximately 20 days for the high intensity class lends itself to the idea that intensity is related to
care delivered beyond initial treatment to additional rounds of interventions or other barriers to
recovery. Of note, transfer was associated with improved survival regardless of whether transfer
was to a trauma or non-trauma center. These results may echo previous findings that care at
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trauma centers improves outcomes in older adults (MacKenzie et al. 2006; Zafar et al. 2015),
although further investigation into the mechanism may also suggest that transfers to non-trauma
centers may be beneficial when utilized appropriately (e.g., the need for longer-term care after
stabilization, care closer to family). Exploration of the role of transfer requires further research
given that not all transfers have been shown to be beneficial and that selection bias may have
resulted due to the requirement of a patient surviving to transfer.

Limitations and Next Steps
This study has a number of limitations. First, given the significant differences we found in
survival between classes the presence of confounding by indication is probable. We sought to
account for this by controlling for demographic and injury level characteristics in both the 30-day
and survival to discharge models. However, while specific diagnoses were not included, and not
all beneficiaries may have had an indication for all procedures or interventions, the risk of
receiving a procedure or intervention remained possible for each beneficiary throughout their
hospitalization given that they were being treated for a moderate or severe injury. Future work
may warrant the investigation of an instrumental variable to account for indications. Second, our
use of claims data limits our ability to capture all aspects of care intensity, especially any
discussions or decisions involving palliative, end-of-life, or withdrawal of care. While limited in
these respects, the use of CMS claims does provide a representative picture of intensity of care
for older adults across the United States and allows for uniform data collection in all 50 states.
Third, our data analysis was limited to adults aged 65 years and older with diagnosis of blunt
traumatic injury. The association of care intensity with survival may be significantly different in
other age groups or for penetrating injury. However, given the heterogeneity of injury and the
disproportionate affect it has in the geriatric population, the ability to estimate the role of intensity
in a broad range of patients provides an actionable step for the trauma community. Finally, our
analysis was limited to looking at short-term outcomes for older adults. Given the use of claims
data, survival at 30-days and survival to hospital discharge were selected because they most
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closely aligned with treatment delivered during a hospitalization. However, the evaluation of longterm outcomes (hospital readmission within six months, survival at one year) and the impact of
intensity on quality of life also warrant further research.

CONCLUSION
We found that thirty-day survival decreased as intensity of care increased in Medicare
beneficiaries with blunt trauma. Beneficiaries with the highest intensity of care also had the
longest hospitalizations and were the least likely to be discharged alive. The association between
intensity and survival described in this work can be used to improve alignment of resources,
utilization, and outcomes.
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CHAPTER 5: CONCLUSIONS AND FUTURE DIRECTIONS
Blunt trauma results in significant morbidity and mortality for older adults.(CDC 2015)
While falls account for the majority of injury in this population, those over age 65 are also at
increased risk of motor vehicle crashes, and severity may be increased regardless of mechanism.
Additionally, the odds of in-hospital deaths are four times greater,(Zafar et al. 2015) and the
necessity of long-term care requiring discharge to skilled nursing facilities occurs in twice that of
younger patients.(Ayoung-Chee, Rivara, Weiser et al. 2015) The role of age, race, and urbanicity
in these outcomes has also been well-described.(Cooper et al. 2012; Hicks et al. 2014; Rogers et
al. 2001) However, the focus on much of the literature when it comes to treatment of trauma has
emphasized the importance of specific procedures or interventions rather than a global measure
of care delivered.(Barnato et al. 2009) This lack of a comprehensive measure of intensity of care
has limited our ability to assess trauma as a single mechanism of morbidity and mortality. The
current method of evaluating the treatment of trauma patients emphasizes procedures and
interventions specific to a subset of injury (traumatic brain injury, hip fracture) and relates care
delivered to survival. This is further shown in end-of-life literature that concentrates on a
retrospective analysis of the days, weeks, or months prior to death, instead of examining the
intensity of care delivered to all trauma patients beginning at the time of their injury. As far as we
know, this dissertation is the first attempt at measuring the intensity of care delivered to both
survivors and decedents of blunt trauma over the age of 65. There are three key components to
our work. We first defined intensity of care, then examined the individual and hospital level
variability. Finally, we estimated the association between intensity of care and survival.
In chapter one, we leveraged claims data from the Centers for Medicare and Medicaid
Services (CMS), and evaluated 18 procedures and interventions common in the treatment of
blunt trauma. We used these individual measures of intensity to classify Medicare beneficiaries
into low, moderate, or high intensity of care based on whether they received each procedures or
intervention, their length of stay, if any, in the intensive care unit, demographics, and injury
characteristics. Lower injury severity score (ISS) and increasing age were associated with lower
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intensity classes, while males, non-whites, and non-fall mechanisms were seen more frequently
in the high intensity class. Of all 18 procedures and interventions, only transfusion of blood
products and administration of antibiotics were more common in low intensity than in moderate or
high. Additionally, hemodialysis, and craniotomy were almost twice as common for those
classified as moderate intensity of care compared with high intensity. All other procedures were
most common with high intensity of care or evenly split among moderate and high.
Chapter three builds on individual intensity of care (chapter two) by examining variability
at the hospital level. We found that less than 5% of the 683,398 (moderately or severely) injured
patients received high intensity care in U.S. hospitals. Hospitals identified as high intensity
centers (probability >0.50 of an individual receiving high intensity care) were more commonly in
the South, whereas trauma centers were less likely to be high intensity hospitals. This suggests
that while the probability of receiving high intensity care for moderate and severe injury for older
adults is low overall, hospital and regional characteristics may play an important role in
determining how much treatment is delivered. This was most noticeable when comparing the
Northeast region to its Southern and Western counterparts. The number of high intensity centers,
distance to a trauma center, and overall characteristics relating to trauma care suggested that
higher population density resulted in lower intensity care. Causal relationships could not be
established in this study given the use of administrative data and the observational study design
employed.
Finally, in chapter four, we estimated the association between intensity of care and
survival for geriatric blunt trauma. A dose-response effect was seen in both 30-day survival and
survival to hospital discharge, with increasing intensity resulting in decreased survival. For thirtyday survival, the odds were 65% lower for moderate intensity and 93% lower for high intensity of
care compared with the low intensity class. This association between higher intensity care for
moderate and severe injury and lower survival in the over 65 population represents an important
area for further study and for targeted interventions. The finding that lower intensity of care is not
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a significant predictor of mortality suggests that low intensity is not an indicator of immediate care
withdrawal. To better understand the relationship between intensity and outcomes, we examined
survival to hospital discharge with death as a competing risk. We found that patients receiving a
moderate intensity of care had 44% lower survival compared to low intensity, while high intensity
had 79% lower survival. Further investigation is needed to address the drivers behind these
differences in survival by looking at whether its relationship with intensity is a result of increased
use of resources for the patients with the highest likelihood of death, a continuation of
“aggressive” care when prognosis is poor, or a combination of other factors. Perhaps as
important, beneficiaries in both the low and moderate intensity classes had a median discharge
date of ten days or less, while the median for high intensity was approximately 20 days. This
increase suggests not only that beneficiaries in the high intensity class required longer
hospitalization, but may also represent unmeasured confounding given that the longer time spent
in the hospital also allowed for greater opportunity to receive procedures. Future work will need to
develop a way to evaluate the indication for procedures to allow for intensity that can be
measured contingent upon the potential indication and also adjusted for the overall duration of
hospitalization.
These three studies provide a first look into intensity of care for older adults with blunt
trauma. They attempt to build a single, novel measure of care delivered during hospitalization for
a heterogeneous set of diagnoses that fall under the single umbrella of blunt trauma. The focus of
the current measure was on medical procedures and interventions, and the vast number of those
performed in the surgical setting were not included. This may pose an overall limitation to our
work considering surgical interventions are potentially some of the highest intensity care delivered
in an inpatient setting. However, by measuring the overall intensity, our metric may be less
diagnosis-specific and have more generalizability to the larger trauma population. Our goal was to
develop an initial measure of intensity that could be broadly applied. In future work, this
generalizable metric could be customized by including procedures and interventions more closely
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aligned with specific diagnoses (traumatic brain injury, hip fracture) and allow for procedure and
intervention indication to play a role in determining overall intensity of care.
Additionally, the incorporation of preferences, norms, and values for each individual
involved in patient care (patient, surrogate/family member, and clinician) could not be
incorporated into a claims-based measure. Prior to 2015, documentation of care discussions and
advance care planning or end-of-life decisions were limited in billing codes.(Centers for Medicare
and Medicaid Services 2015; Sudore, Lum, You et al. 2017) However, even with the inclusion of
payment for these services, the use of billing codes for this in the acute care setting has not been
shown. This lends itself to future qualitative and mixed-methods work to further explore the
relationship between intensity of care and shared decision-making in the geriatric trauma
population.(Lilley et al. 2016) As a key factor in our conceptual model, understanding the role
these thought processes each play in determining intensity is a valuable next step.
Finally, our study focused only on intensity during hospitalization. While this is a key
component of the care continuum, both pre-hospital services and post-discharge care also
warrant investigation. Emergency medical services play a vital role in determining early mortality
for trauma patients.(Dickinson et al. 1996) Triage protocols and availability of care in resourced
trauma centers have been shown to increase survival.(Chang et al. 2008; Nakamura et al. 2012)
However, we were unable to include any care delivered in the field. This may mean that some
beneficiaries were classified as lower intensity than what they actually received given that
intensive procedures and interventions may have been delivered prior to arrival or admission to
the hospital. Additionally, because we were interested in variability at the hospital level and shortterm outcomes, post-discharge care was not examined. Differences in the acuity of care required
post-discharge, discharge disposition (home versus home-health versus skilled nursing facility),
and quality of life after injury are all areas that should be explored in the context of intensity.
Long-term outcomes such as readmissions in the six months after initial discharge or mortality at
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one year may also provide a better understanding of whether there is a subset of high intensity
that results in better survival or increased inpatient care leads to prolonged complications.
The results of this dissertation lend itself to future investigation of intensity in four main areas:
1) the use of the intensity of care score as a potentially modifiable factor when evaluating
hospital-level differences in survival, debility, or other health-outcomes; 2) mixed-methods
research at hospitals across the performance spectrum to identify strategies leading to lower care
intensity, improved outcomes, and/or care intensity that aligns more directly with patient
prognosis and patient/surrogate preferences; 3) mixed methods research on the impact of
patient/surrogate preferences, advanced care planning, and communication on intensity of care
and patient outcomes; 4) evaluation of the association between capacity, services offered, and
accessibility at both the hospital and community levels on intensity of care and patient outcomes.
Additionally, exploration into other factors related to quality of life using CMS claims data could
include long-term opioid and other pain medication use, changes in numbers of daily prescription
medications, and the need for rehabilitation services or modifications to the home including
durable medical equipment.
Trauma in older adults is both a public health and a healthcare concern given the increase in
the population of those over 65 and the costs associated with treating their injuries. Limited work
has been previously done to examine whether the intensity of care delivered differs between
patients and hospitals, and whether it is associated with survival. By evaluating intensity of care
for geriatric trauma, we found that intensity during hospitalization is one factor that should be
considered as part of the framework guiding principles of care. While patient outcomes, including
mortality for specific populations like older adults, have been used to benchmark hospital
performance in trauma,(Clark DE 2004; Richmond et al. 2002) little attention has been given to
the amount (intensity) of care delivered, how decisions are made about how much care to deliver,
and how much variability in intensity exists between hospitals and regions. This results in two
hospitals who utilize considerably different resources but have comparable outcomes being
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benchmarked similarly. This important difference gets at the core of what has come to be defined
as value in health care. Patients, payors, and the population as a whole have an interest in
knowing how much care is delivered, what it costs, and whether it is likely to improve outcomes.
By understanding how much and what type of care is delivered for an analogous case-mix of
patients between different hospitals, we position ourselves to then examine how this care impacts
short-, and long-term, clinical outcomes so that we can develop a more nuanced performance
benchmark. Our development of a single novel measure of intensity of care furthers the evidencebase to promote value-based care.(IOM 2013; National Academies of Science 2016; Wiebe et al.
2017) Care intensity is related to resources and patient preferences. As a component of hospital
quality, it should be benchmarked along with clinical outcomes.
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TABLES
Table 1. ICD-9-CM procedure codes for 18 interventions and procedures of interest included in
latent class analysis
Intervention/Procedure

ICD-9-CM Procedure Codes

Administration of Antibiotics

99.21, 17.81, 99.22, 00.14

Arterial Line Placement

38.91

Cardio Pulmonary Resuscitation (CPR)

99.60, 99.61, 99.62, 99.63, 37.91, 37.92, 93.93

Craniotomy

01.2, 01.21, 01.22, 01.23, 01.24, 02.02, 02.22, 38.01,
38.61, 38.31, 38.41, 38.81, 00.65

Extracorporeal Membrane
Oxygenation (ECMO)

39.65, 39.66, 39.61

Enteral/Parenteral Nutrition

96.6, 99.15

Gastrostomy Tube Placement

43.1, 43.19, 43.11, 46.32, 43.0, 97.01, 97.02, 97.51

Hemodialysis

39.95, 38.95, 50.92, 38.93, 39.93

Intracranial Pressure (ICP) Monitoring

01.10, 01.18, 01.17, 01.16, 00.94

Infusion of Vasopressors

00.17

Intubation/Mechanical Ventilation

96.03, 96.04, 96.05, 96.7, 96.70, 96.71, 96.72, 93.90

Thoracostomy

34.0, 34.01, 34.02, 34.03, 34.04, 34.05, 34.06, 34.09,
33.32

Tracheostomy

31.1, 31.2, 31.21, 31.29, 31.74, 97.23, 97.37

Transfusion of Blood Products

99.0, 99.00, 99.01-99.09

Venous Catheter Placement:

38.97
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Table 2. Characteristics of US Medicare beneficiaries with hospital admission for primary or
secondary diagnosis of blunt traumatic injury in 2013 and 2014
Development
Validation
Total
Cohort
Cohort
Unique Admissions, n (%)
683,398 (100.0)
546,718 (80.0)
136,680 (20.0)
Unique Beneficiaries, n (%)
652,641 (95.5)
526,682 (96.3)
135,391 (99.1)
1
Beneficiary Characteristics
Sex, n (%)
Female
441,197 (67.6)
356,284 (67.7)
91,443 (67.5)
Male
211,444 (32.4)
170,284 (32.3)
43,948 (32.5)
Race, n (%)
White
591,067 (90.6)
476,865 (90.5)
122,775 (90.7)
Black
29,760 (4.6)
24,021 (4.6)
6,134 (4.5)
Other
31,814 (4.9)
25,796 (4.9)
6,482 (4.8)
Age in years, mean (SD)
82.5 (8.4)
82.5 (8.3)
82.5 (8.3)
Elixhauser Comorbidity Score,
3 (2 – 4)
3 (2 – 4)
3 (2 – 4)
median (IQR)
2
Injury Characteristics
Injury Severity Score,
9 (9 – 10)
9 (9 – 10)
9 (9 – 10)
median (IQR)
Max Abbreviated Injury Score,
3.0 (0.7)
3.0 (0.7)
3.0 (0.7)
mean (SD)
Abbreviated Injury Score Head
131,073 (19.2)
104,809 (19.2)
26,264 (19.2)
3+, n (%)
Mechanism of Injury, n (%)
Fall
543,154 (79.5)
434,783 (79.5)
108,371 (79.3)
Motor Vehicle Crash
20,689 (3.0)
16,519 (3.0)
4,170 (3.1)
Other
49,439 (7.2)
39,573 (7.2)
9,866 (7.2)
Missing
70,116 (10.3)
55,843 (10.2)
14,273 (10.4)
Treated at Level I/II Trauma
204,359 (30.9)
163,508 (30.9)
40,851 (31.0)
Center, n (%)
Distance to Nearest Trauma
13.4 (5.9 – 33.6)
13.4 (5.9 – 33.7) 13.4 (5.9 – 33.5)
Center in miles, median (IQR)
1
2

Beneficiary characteristics are calculated based on the total number of unique beneficiaries
Injury characteristics are calculated based on the total number of unique admissions for moderate and severe injury
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Table 3a. Model diagnostics to determine number of latent classes
# of
Adjusted
Classes
df
BIC
CAIC
BIC
AIC
2
786390
39550.50
39721.80
39680.80
39224.63
3
786369
28317.05
28576.09
28514.09
27824.28
4
786348
23200.25
23547.03
23547.03
22540.58

Log Likelihood
-981230.53
-975509.35
-972846.50

Table 3b. Proportion of development cohort beneficiaries in each latent class with
intervention/procedure of interest
Low
Moderate
High
Intensity
Intensity
Intensity

Total

401,040
(74.28)

127,025
(23.23)

18,653
(3.41)

546,718
(100.00)

0 (0.00)

16,959 (50.60)

16,557 (49.40)

33,516 (6.13)

0 (0.00)

0 (0.00)

3,770 (100.00)

3,770 (0.69)

1 (<0.1)

2,571 (37.39)

4,306 (62.61)

6,877 (1.26)

18 (0.06)
0 (0.00)
0 (0.00)
0 (0.00)

18,872 (68.07)
1,653 (30.38)
891 (49.12)
697 (20.34)

8,834 (31.86)
3,788 (69.62)
923 (50.88)
2,729 (79.66)

27,724 (5.07)
5,441 (1.00)
1,814 (0.33)
3.426 (0.63)

104 (8.04)

558 (43.12)

632 (48.84)

1,294 (0.24)

0 (0.00)
0 (0.00)

0 (0.00)
679 (27.57)

43 (100.00)
1,784 (72.43)

43 (0.01)
2,463 (0.45)

2,604 (60.39)

1,218 (28.25)

490 (11.36)

4,312 (0.79)

103,333 (69.48)

36,273 (24.39)

9,113 (6.13)

148,719 (27.20)

0 (0.00)
0 (0.00)
0 (0.00)

93 (43.06)
535 (38.94)
1,180 (68.01)

123 (56.94)
839 (61.06)
555 (31.99)

216 (0.04)
1,374 (0.25)
1,735 (0.32)

405 (3.37)

6,913 (57.45)

4,715 (39.18)

12,033 (2.20)

0 (0.00)

1,694 (24.93)

5,101 (75.07)

6,795 (1.24)

390,943 (83.17)
10,097 (15.46)
0 (0.00)

68,868 (14.65)
52,423 (80.26)
5,734 (50.51)

10,234 (2.18)
2,800 (4.29)
5,619 (49.49)

470,045 (85.98)
65,320 (11.95)
11,353 (2.08)

Proportion in Class, n (%)
Interventions/Procedures, n (%)
Intubation/
Mechanical Ventilation
Tracheostomy
Gastrostomy Tube
Placement
Hemodialysis
Enteral Nutrition
Parenteral Nutrition
CPR
Electric Countershock
of Heart
Open Cardiac Massage
Vasopressors
Administration of
Antibiotics
Transfusion of Blood
Products
ECMO
ICP Monitoring
Craniotomy
Central Venous
Catheterization
Arterial Line Placement
ICU Length of Stay, n (%)
No ICU Stay
ICU Stay ≤7 Days
ICU Stay >7 Days
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Table 4a. Beneficiary phenotypes by intensity of care class for the development cohort
Phenotype
Low
Moderate
High
%
%
Rank
Intensity
Intensity
Intensity

28,718
(22.61)

Intubation/
Mechanical
Ventilation (I/MV),
Dialysis,
Transfusion of
Blood Products
(Blood)

386
(2.07)

No Procedures
or ICU Stay

25,373
(19.97)

I/MV, Dialysis, ICU
stay >7 days
(ICU>7)

300
(1.61)

7,242
(1.81)

Blood,
ICU Stay
1-7 Days

10,433
(8.21)

I/MV, CPR

298
(1.60)

2,827
(0.70)

Dialysis

6,997
(5.51)

I/MV, Dialysis,
Arterial Line
Placement

284
(1.52)

1

No
Interventions/
Procedures or
ICU Stay

286,139
(71.35)

ICU Stay
1-7 Days

2

Blood

99,103
(24.71)

3

ICU Stay 1-7
Days

4

Blood,
ICU 1-7 Days

5

Thoracostomy

6
7
8
9
10

Antibiotics
Administration
Blood,
Antibiotics
Administration
Venous
Catheter
Placement
Blood,
Thoracostomy
Blood,
Venous
Catheter

%

2,407
(0.60)
1,584
(0.39)

6,892
(5.43)
6,082
(4.79)

Blood
I/MV

I/MV, Blood, ICU>7
I/MV, Dialysis,
Blood, ICU>7
I/MV, Blood,
Venous Catheter
Placement

263
(1.41)
249
(1.33)

980
(0.24)

Dialysis, Blood

4,331
(3.41)

221
(0.06)

I/MV,
ICU Stay
1-7 Days

2,730
(2.15)

I/MV, Arterial Line
Placement

193
(1.03)

191
(0.05)

ICU >7, Blood

2,435
(1.92)

I/MV, ICU>7

188
(1.01)

184
(0.05)

Thoracostomy

2,329
(1.83)

I/MV, Dialysis

182
(0.98)
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226
(1.21)

Table 4b. Beneficiary characteristics by intensity of care class for the development cohort
Low
Moderate
High
Intensity
Intensity
Intensity
Beneficiary Characteristics
Sex, n (%)
Female
Male
Race, n (%)
White
Non-White
Age in years, mean (SD)
Elixhauser Comorbidity
Score, median (IQR)

297,235 (74.12)
103,805 (25.88)

65,236 (51.36)
61,789 (48.64)

7,827 (41.96)
10,826 (58.04)

370,231 (92.32)
30,809 (7.68)
83.26 (8.22)

108,982 (85.80)
18,043 (14.20)
80.94 (8.30)

15,860 (85.03)
2,793 (14.97)
78.26 (7.91)

3 (2 – 4)

4 (2 – 5)

3 (2 – 5)

9 (9 – 9)

13 (9 – 16)

14 (9 – 18)

2.92 (0.60)

3.34 (0.72)

3.39 (0.76)

37,148 (9.26)

58,953 (46.41)

8,708 (46.68)

335,662 (83.70)
65,378 (16.30)

89,476 (70.44)
37,549 (29.56)

9,645 (51.71)
9,008 (48.29)

101,667 (25.35)

51,624 (40.64)

10,217 (54.77)

15.50
(6.41 – 33.11)
338,488 (84.40)

12.95
(5.66 – 28.14)
110,626 (87.09)

14.08
(5.08 – 30.45)
15,758 (84.48)

34,144 (8.51)

9,220 (7.26)

1,588 (8.51)

Injury Characteristics
Injury Severity Score,
median (IQR)
Max Abbreviated Injury
Score, mean (SD)
Abbreviated Injury Score
Head 3+, n (%)
Mechanism of Injury, n (%)
Fall
Other
Index Treatment at Level I/II
Trauma Center, n (%)
Distance to Nearest Trauma
Center in miles, median (IQR)
Urban residential zip code
Missing one or more
variables, n (%)
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Table 5. Proportion of validation cohort beneficiaries in each latent class with
intervention/procedure of interest
Low
Moderate
High
Intensity
Intensity
Intensity

Total

99,486
(72.79)

32,536
(23.80)

4,658
(3.41)

136,680
(100.00)

0 (0.00)

4,211 (50.26)

4,168 (49.74)

8,379 (6.13)

0 (0.00)

0 (0.00)

925 (100.0)

925 (0.68)

0 (0.00)

675 (38.07)

1,098 (61.93)

1,773 (1.30)

0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)

4,809 (68.79)
451 (31.78)
204 (44.64)
186 (21.93)

2,182 (31.21)
968 (68.22)
253 (55.36)
662 (78.07)

6,991 (5.11)
1,419 (1.04)
457 (0.33)
848 (0.62)

0 (0.00)

203 (59.36)

139 (40.64)

342 (0.25)

0 (0.00)
0 (0.00)

0 (0.00)
191 (29.16)

8 (100.00)
464 (70.84)

8 (0.01)
655 (0.48)

639 (59.06)

295 (27.26)

148 (13.68)

1,082 (0.79)

25501 (68.48)

9,488 (25.48)

2,247 (6.03)

37,236 (27.24)

0 (0.00)
0 (0.00)
0 (0.00)

28 (43.08)
148 (40.44)
310 (69.89)

37 (56.92)
218 (59.56)
140 (31.11)

65 (0.05)
366 (0.27)
450 (0.33)

67 (2.24)

1,666 (55.81)

1,252 (41.94)

2,985 (2.18)

0 (0.00)

398 (24.19)

1,247 (75.81)

1,645 (1.20)

97,184 (82.77)
2,302 (14.05)
0 (0.00)

17,746 (15.11)
13,390 (81.73)
1,400 (48.58)

2,485 (2.12)
691 (4.22)
1,482 (51.42)

117,415 (85.91)
16,383 (11.99)
2,882 (2.11)

Proportion in Class, n (%)
Interventions/Procedures, n (%)
Intubation/
Mechanical Ventilation
Tracheostomy
Gastrostomy Tube
Placement
Hemodialysis
Enteral Nutrition
Parenteral Nutrition
CPR
Electric Countershock
of Heart
Open Cardiac Massage
Vasopressors
Administration of
Antibiotics
Transfusion of Blood
Products
ECMO
ICP Monitoring
Craniotomy
Central Venous
Catheterization
Arterial Line Placement
ICU Length of Stay, n (%)
No ICU Stay
ICU Stay ≤7 Days
ICU Stay >7 Days
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Table 6. Candidate factors for inclusion in multivariate models
Individual Factors
Source
Demographics
Sex
Age
Race/Ethnicity
Urban/Rural residence (zip code)
Comorbid conditions (Elixhauser)

CMS

Domain

Individual/Patient

Injury Characteristics
Injury mechanism
Total Injury Severity Score
Head Abbreviated Injury Score (3+)
Max Abbreviated Injury Score
Triage to level I/II trauma center
Distance to nearest trauma center

CMS
CMS/AHA

Relational/Injury
Individual/Patient

Community Factors
Population density
Percent completed college degree
Median income
Median home value
Unemployment rate
Percent Black
Percent Hispanic
Percent below poverty line
Percent over 65 below poverty line

Census

Community/Healthcare

AHA

Community/Healthcare

AHRF

Community/Healthcare

Healthcare Factors
Hospital-level
Number of adult general medical/surgical beds
Number of medical/surgical ICU beds
Number of total facility admissions
Number of total facility inpatient days
Number of total facility Medicare discharges
Number of total facility Medicare days
Number of Emergency Department visits
Average daily census
Trauma center designation and level

Community-level
Number of physicians
Number of specialists (medical/surgical)
Number of surgeons (general/neuro/ortho/plastic/thoracic)
Number of anesthesiologists
Number of emergency medicine physicians
Number of neurologists
Number of rehabilitation specialists
Total number of hospitals
Number of short-term general hospitals
Number of long-term acute care hospitals
Number of hospitals with adult medical/surgical unit
Number of hospitals with Emergency Department
Number of hospitals with certified trauma center
Number of hospitals with palliative care program
(inpatient/outpatient)
Number of hospitals with geriatric services
Number of hospitals with hospice
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Table 7. Hospital and region characteristics in development cohort
Hospital
Unadjusted
Probability of
0.26
Receiving High
(0.20 - 0.32)
Intensity Care,
median (IQR)
Adjusted
Probability of
0.19
Receiving High
(0.14 - 0.25)
Intensity Care,
median (IQR)
Population/Service Area
Trauma visits,
102
median (IQR)
(28 - 231)
ISS,
10.64
median (IQR)
(9.87 - 11.38)
Age, median
83 (76 - 89)
(IQR)
Urban
204
Residence, n (%)
(40.82)1
Average distance
to nearest trauma
16.73
center (mi),
(10.56 - 30.30)
median (IQR)
Trauma patients
treated at level
163,460
I/II trauma center,
(29.90)
n (%)
165,189
Median home
(129,535 value (IQR)
235,122)
Percent
unemployed,
9.50 (2.10)
mean (SD)
Percent in
poverty,
15.32 (4.10)
mean (SD)
Percent Black,
8.99% (0.05)
mean (SD)
Hospitals
Total Hospitals,
2,762 (100.00)
n (%)

South

West

0.16
(0.08 - 0.44)

0.16
(0.08 - 0.46)

0.15
(0.08 - 0.45)

0.17
(0.08 - 0.49)

0.19
(0.11 - 0.36)

0.20
(0.12 - 0.38)

0.20
(0.11 - 0.35)

0.21
(0.12 - 0.39)

359
(201 - 592)
9
(9 - 10)

282
(154 - 475)
9
(9 - 10)

315
(179 - 506)
9
(9 - 10)

300
(173 - 433)
9
(9 - 10)

84 (78 - 89)

84 (77 - 89)

83 (76 - 88)

83 (76 - 89)

70,940
(64.33)

58,018
(45.97)

94,040
(44.35)

55,640
(56.83)

8.61
(4.15 - 18.86)

11.50
(5.01 - 31.24)

20.46
(8.92 - 47.53)

10.97
(5.24 - 28.54)

43,080
(39.06)

47,097
(37.31)

45,839
(21.62)

27,444
(28.03)

256,900
(152,800 383,400)

136,600
(111,500 170,600)

141,600
(114,800 177,300)

236,400
(180,200 420,200)

8.82 (1.96)

9.19 (2.95)

9.68 (2.53)

10.26 (2.55)

12.39 (5.13)

14.84 (4.75)

17.02 (5.25)

15.59 (4.11)

7.15% (0.09)

9.21% (0.26)

11.34% (0.15)

5.66% (0.11)

429 (15.53)

687 (24.87)

1,142 (41.35)

501 (18.14)

549 (19.88)2

102 (23.78)

165 (24.02)

182 (15.94)

100 (19.96)

No. of General
med/surg beds,
median (IQR)

183
(106 - 287)

209
(128 - 365)

167
(92 - 251)

194
(109 - 311)

159
(99 - 238)

22
(13 - 36)
55,224
(35,301 80,825)

21
(12 - 38)
63,419
(40,480 98,062)

20
(12 - 33)
50,030
(31,198 74,203)

23
(14 - 36)
56,497
(36,053 84,733)

22
(12 - 32)
48,891
(31,621 69,284)

ED Visits,
median (IQR)
2

Midwest

Level I/II trauma
centers, n (%)

No. of ICU Beds,
median (IQR)

1

Region
Northeast

Hospital average
Percent of total hospitals in the analytic dataset
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Table 8. Regression coefficients for multi-level model estimating the probability to receive high
intensity of care in development cohort1
Robust
Coefficient
95% CI
SE
Beneficiary Factors (Individual Domain)
Sex (Ref. Male)
Female
-0.57
0.01
-0.58, -0.56
Age
-0.01
<0.01
-0.01, -0.01
Race (Ref. White)
Black
0.40
0.02
0.36, 0.45
Other
0.40
0.02
0.37, 0.44
Elixhauser Comorbidity Score
0.40
<0.01
0.39, 0.40
Rural/Urban Residence
(Ref. Major City)
Minor City
-0.03
0.02
-0.07, -0.01
Suburb
-0.24
0.02
-0.29, -0.19
Rural
-0.24
0.04
-0.32, -0.16
Injury Factors (Relational Domain)
Max Abbreviated Injury Score
0.77
0.02
0.72, 0.82
Injury Severity Score
-0.01
<0.01
-0.02, <-0.01
Injury Mechanism (Ref. Fall)
Motor Vehicle Crash
-0.17
0.05
-0.26, -0.08
Other
0.35
0.02
0.32, 0.38
Missing
0.34
0.01
0.31, 0.37
Head Abbreviated Injury Score 3+
0.89
0.02
0.84, 0.93
Community Factors (Community/Healthcare Domain)
Percent Black in county
-1.57
0.04
-1.64, -1.50
Percent Hispanic in county
0.02
<0.01
0.02, 0.02
No. of Long-term acute care
0.09
0.04
0.05, 0.12
hospitals in county
No. of Hospitals with med/surg
<0.01
<0.01
<0.01, 0.01
care
Median age in county
-0.01
<0.01
-0.01, -0.01
Percent unemployment in county
0.03
<0.01
-0.01, -0.01
Trauma center level (Ref. Level I)
Level II
-0.05
0.04
-0.12, 0.03
Level III
0.02
0.04
-0.06, 0.10
Level IV
-0.17
0.07
-0.31, -0.02
No designation
-0.14
0.03
-0.21, -0.08
1

Coefficients for individual hospitals not shown due to space (>3000 hospitals in model).
See Figure 5 for hospital-level adjusted probabilities.
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Table 9. Regression coefficients for TQIP administrative model estimating 30-day
survival in development cohort
Robust
Odds Ratio
95% CI
SE
Intensity class (Ref. Low)
Moderate intensity
0.35
<0.01
0.34, 0.36
High intensity
0.07
<0.01
0.07, 0.07
Institutional Factors (Clinical Domain)
Transfer (Ref. No transfer)
Non-trauma center transfer
2.65
0.18
2.33, 3.02
Transfer to trauma center
1.75
0.13
1.51, 2.03
Individual Factors (Patient Domain)
Age
0.94
<0.01
0.94, 0.94
Elixhauser comorbidity score
0.90
<0.01
0.90, 0.91
Injury Factors (Relational Domain)
Max abbreviated injury score
0.95
0.01
0.94, 0.97
Injury mechanism (Ref. Fall)
Motor vehicle crash
1.40
0.04
1.32, 1.47
Other
0.99
0.02
0.96, 1.03
Missing
0.95
0.02
0.92, 0.98
Head Abbreviated Injury Score 3+
0.64
0.01
0.63, 0.67
Table 10. Regression coefficients for LASSO model estimating 30-day survival in
development cohort
Robust
Odds Ratio
95% CI
SE
Intensity class (Ref. Low)
Moderate intensity
0.28
<0.01
0.28, 0.29
High intensity
0.06
<0.01
0.06, 0.06
Individual Factors (Patient Domain)
Female
1.41
0.02
1.39, 1.44
Age
0.94
<0.01
0.94, 0.94
Race (Ref. White)
Black
1.42
0.03
1.35, 1.49
Other
1.47
0.03
1.41, 1.54
Injury Factors (Relational Domain)
Max abbreviated injury score
0.86
0.01
0.85, 0.96
Injury mechanism (Ref. Fall)
Motor vehicle crash
1.68
0.05
1.59, 1.77
Other
1.02
0.02
0.99, 1.06
Missing
0.93
0.01
0.91, 0.96
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Table 11. Hazard ratios for TQIP administrative model estimating survival to discharge
by intensity class in development cohort, time-varying covariates for
interventions/procedures included
Subdistribution
Robust
95% CI
Hazard Ratio
SE
Intensity class (Ref. Low)
Moderate intensity
0.56
<0.01
0.56, 0.57
High intensity
0.21
<0.01
0.20, 0.21
Individual Factors (Patient Domain)
Age
0.99
<0.01
0.99, 0.99
Elixhauser comorbidity score
0.93
<0.01
0.93, 0.94
Injury Factors (Relational Domain)
Injury mechanism (Ref. Fall)
Motor vehicle crash
0.93
0.01
0.91, 0.94
Other
0.92
0.01
0.91, 0.92
Missing
0.96
<0.01
0.96, 0.97
Max abbreviated injury score
0.97
<0.01
0.96, 0.97
Head abbreviated injury score 3+
1.24
0.01
1.23, 1.25
Institutional Factors (Clinical Domain)
Transfer (Ref. No transfer)
Transfer to non-trauma center
1.25
0.01
1.22, 1.28
Transfer to trauma center
1.44
0.03
1.38, 1.50
Procedures/Interventions
Administration of antibiotics
0.30
0.03
0.25, 0.36
Arterial line placement
0.21
0.03
0.16, 0.27
Transfusion of blood products
0.88
0.01
0.87, 0.90
2.40e-10,
Cardiac massage
1.65e-09
1.62e-09
1.13e-08
Electric countershock of the heart
1.00
0.10
0.83, 1.21
Cardiac pulmonary resuscitation
0.14
0.04
0.08, 0.23
Craniotomy
0.15
0.03
0.10, 0.24
Dialysis
0.61
0.02
0.57, 0.64
Extracorporeal membrane
1.65e-10,
2.09e-10
2.55e-11
oxygenation
2.66e-10
Enteral nutrition
0.44
0.03
0.38, 0.51
Gastrostomy tube placement
1.69
0.06
1.57, 1.82
Intracranial pressure monitoring
0.17
0.04
0.10, 0.28
Intubation/Mechanical ventilation
0.07
<0.01
0.07, 0.08
Parenteral nutrition
0.28
0.04
0.21, 0.38
Tracheostomy
0.74
0.07
0.62, 0.88
Administration of vasopressors
0.16
0.04
0.10, 0.25
Venous catheter placement
0.48
0.02
0.44, 0.52
Intensive care unit stay (Ref. no stay)
ICU stay 1-7 days
1.08
0.01
1.07, 1.09
ICU stay >7 days
0.70
0.01
0.69, 0.71
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FIGURES
Figure 1. Bronfenbrenner’s Ecological Systems model modified for intensity of care in the older
adult trauma patient
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Figure 2. Intensity of care conceptual model
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Beneficiary zip code used to calculate distance to nearest trauma center and urban/rural residence based on USDA
Rural-Urban Continuum Codes.(US Department of Agriculture 2013)
2
Injury Severity Score is a total score from 0-75.(Baker et al. 1976; Baker et al. 1974) Abbreviated Injury Score (range 1-6)
is calculated by body region and evaluated at both the individual body region level and as a max AIS score regardless of
region in which it was acquired.(Civil and Schwab 1988)
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Figure 3. Inclusion and exclusion of interventions/procedures for Latent Class Analysis
Initial proposed procedure, intervention, and length of stay variables:
Intubation, Mechanical Ventilation, Tracheostomy, Gastrostomy Tube Insertion, Extracorporeal
Membrane Oxygenation (ECMO), Hemodialysis, Enteral/Parenteral Nutrition, Cardiopulmonary
Resuscitation (CPR), Infusion of Vasopressor Agents, Administration of Antibiotics, Transfusion of Blood
Products,
(n=11 categories)

Proposed at Meetings and Interviews with Trauma/Emergency Medicine Experts:
Imaging (Continued MRI/CT), Neurosurgical Interventions, Orthopedic Interventions, Physical Therapy,
Central Line Placement, Arterial Line Placement, Positive Pressure Ventilation, Pacemaker,
Thoracostomy, Open Reduction with Internal Fixation, Cricotomy/Cricothyrotomy, General Operative
Procedures, Interventional Radiology
(n=13 categories)

Not Included Due to Use of
Procedure in Non-Acute
Setting:
Physical Therapy, Imaging
(Continued MRI/CT), Positive
Pressure Ventilation,
Interventional Radiology

Categories Further Specified:
Enteral/Parenteral Nutrition:
Enteral Nutrition, Parental Nutrition

(n=4 categories)

CPR:
CPR, Electric Countershock of Heart, Open
Cardiac Massage
Neurosurgical Interventions:

Not Included Due to
Specificity of Intervention:
Orthopedic Interventions,
Pacemaker, General Operative
Procedures
(n=3 categories)

Intracranial Pressure Monitoring, Craniotomy
Intubation & Mechanical Ventilation:
One intervention – Intubation/Mechanical
Ventilation

No ICD-9-CM Procedure
Codes:

(n=8 categories)

Cricotomy/Cricothyrotomy
(Same codes as Tracheostomy)
(n=1 categories)

Final Procedure and Intervention Categories Included for Weighting Survey:
Intubation/Mechanical Ventilation, Tracheostomy, Gastrostomy Tube Insertion, Hemodialysis, Enteral
Nutrition, Parenteral Nutrition, Cardiopulmonary Resuscitation (CPR), Electric Countershock of Heart,
Open Cardiac Massage, Infusion of Vasopressor Agents, Administration of Antibiotics, Transfusion of
Blood Products, Extracorporeal Membrane Oxygenation (ECMO), Intracranial Pressure Monitoring,
Craniotomy, Central (Venous) Line Placement, Arterial Line Placement, Thoracostomy
(n=18 categories)
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Figure 4. Probability of receiving high intensity care – Distribution in development and validation
cohorts

Figure 5. Caterpillar plot of hospital-level probability of receiving high intensity care in four U.S.
geographic regions
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Figure 6. Caterpillar plot of “high intensity hospital” hospitals
(probability receiving of high intensity care >0.50)

Figure 7. Receiver operative characteristic curve for TQIP administrative model
versus LASSO model for 30-day survival
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Figure 8. Adjusted survival to hospital discharge by intensity class
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